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REMEDIAL INVESTIGATION/FEASIBILITY STUDY
UNION PACIFIC RAILROAD YARD
SACRAMENTO, CALIFORNIA
VOLUME 2
FEASIBILITY STUDY REPORT

0.0 EXECUTIVE SUMMARY

This Executive Summary provides a brief description of the Feasibility Study (FS) which has been
conducted for the Union Pacific Railroad (UPRR) Sacramento Shops Yard. The study was performed
in response to an Enforceable Agreement dated March 26, 1987, executed between UPRR and the
California Department of Health Services (DHS). The Remedial Investigation (RI) Report forms Volume
1 of this document. The RI Report describes the site and investigations. The FS Report describes the

development and evaluation of potential remedial alternatives for the site.

The FS was conducted to develop, screen, and evaluate remedial alternatives for the UPRR
Sacramento Shops Yard site. The result of the FS process is a detailed evaluation of the most feasible
actions for remediating contaminated soil and groundwater at the site. A site-wide remedial action plan
(RAP) incorporating the preferred remedial alternatives for the site will be prepared following review of
the FS by DHS and the local community.

The FS Report includes:

. Purpose and Organization of the Report, Summary of the Remedial Investigation and

Baseline Risk Assessment (Section 1.0);
o Identification and Screening of Technologies (Section 2.0);
° Development and Screening of Alternatives (Section 3.0);

. Detailed Analysis of Alternatives (Section 4.0); and

UPSAC_RI.001
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L Comparative Analysis of Alternatives (Section 5.0).

Section 1.0 of this report presents discussions of (1) the purpose and organization of the FS
Report, (2) background information on the site, (3) a summary of the nature and extent of contamination,

and (4) a summary of the site baseline risk assessment.

Section 2.0 of this report presents (1) selection of potential exposure pathways (summarized in
Table 1), (2) the development of remedial action objectives (RAOs), (3) identification of areas and
volumes of affected soils and groundwater (operable units), (4) screening of remedial technologies that
may be used at the UPRR Sacramento site, and (5) an evaluation of selected process options for each of

these representative remedial technologies.

Chemical-specific RAOs for soil and groundwater are developed by comparing potential risk-based
residual concentrations to applicable and relevant or appropriate requirements (ARARs), background
concentrations, and detection limits. RAOs which protect human health and the environment and which
are technically feasible and achievable are chosen from among these four possibilities, and summarized
in Tables 2 énd 3. The results presented here include only chemical-specific remedial objectives.
Protectiveness may also be achieved by reducing potential exposures; thus exposure pathways may be

controlled in lieu of remediating media to the concentrations derived here.

Three operable units (OUs) for soil (S1-petroleum hydrocarbon containing soil, S2-arsenic and/or
lead containing soil, and S3-petroleum hydrocarbon and/or arsenic and/or lead containing soil), and two
groundwater OUs (le—on-site shallow groundwater containing aromatic compounds and off-site shallow
groundwater containing 'chlorinelxted solvents, and G2-on-site groundwater containing low levels of
solvents and metals in the shallow aquifer and a deeper zone) are described. The total volumes of soil and
groundwater to be remediated are estimated. The total estimated soil volume is approximately 116,000
cubic yards. The total estimated groundwater volume is approximately 7.3 million cubic feet. The

calculations are summarized in Tables 4 and 5.

UPSAC_RI.001
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No prospective soil remedial technologies are screened from consideration in Section 2.0.
Representative process options for capping, biological treatment (in situ and ex situ bioremediation), ex

situ chemical treatment (soil washing), thermal treatment (off-site incineration), and in situ chemical

‘treatment (fixation) are retained. Disposal by landfilling is also retained.

None of the prospective groundwater remedial technologies are screened from further analysis.
Methods of physical and chemical pretreatment, biological treatment and three effluent polishing
techniques (ultraviolet light/hydrogen peroxide oxidation, air stripping, and carbon adsorption) are
retained. Representative process options for containment (pumping and injection), collection (extraction)
are considered. Additionally, several treated water disposal methods, both on- and off-site, are retained.
Potential techniques for management of residual levels of contaminants, including landfilling, thermal

destruction, and carbon regeneration are also retained.

In Section 3.0, retained technologies are combined into remedial action alternatives designed to
address the important site problems and the significant pathways of contaminant migration discovered
during the RI. The purpose of the analysis is to develop preliminary and final candidate alternatives for
the site which protect human health and the environment, comply with ARARs and meet the RAOs, are
cost-effective and encompass a range of appropriate remedial management options. Options include
elimination of contaminated on-site soil and groundwater on- and off-site, reduction of contaminants to
acceptable levels, prevention of exposure by control of exposure pathways, or some combination of the

above elimination, reduction, and exposure prevention options.

During the evaluation, preliminary alternatives are eliminated from further consideration if they
(1) do not effectively protect human health and the environment, (2) are flawed with respect to
administrative or technical feasibility, or (3) are significantly higher in cost than other alternatives without
corresponding increase in beﬁeﬁts, health protection or reliability. Screening of preliminary alternatives

produces a small group of final candidate alternatives.

Many preliminary alternatives could be assembled from the technologies described in Section 2.0.
In addition, because remediation of the UPRR Sacramento site involves soil containing arsenic, lead and

petroleum hydrocarbons, and groundwater on- and off-site containing aromatic and chlorinated organic
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compounds, the number of plausible alternatives is potentially unmanageable. In order to simplify the
alternative development process, alternatives are dev'eloped for each OU independently for soil and
groundwater. Due to the overlapping nature of the contaminant distribution in soil, one OU (soil OU
S3), is the domina:nt area on the site and the screening of soil alternatives is focused on soil OU S3. The
total number of alternatives formed by combining technologies is further reduced by recognizing that
certain technologies which survived the technology screening are not applicable to all OUs and are

screened from consideration as appropriate.

Eleven final candidate alternatives, presented in Tables 13 and 14, are retained for further
analysis. As discussed in the National Contingency Plan (NCP), final candidate alternatives encompass
the complete range of options, including no action, containment, treatment as the principle element, and

no long term residuals management.

LS Five alternatives are retained for OU S3. These alternatives include capping, excavation,

soil washing, in situ bioremediation, and partial and full treatment.

L ‘For groundwater OU G1, the four final candidate alternatives involve monitoring,
treatment of extracted groundwater, and handling of residuals. The alternatives differ in
the methods of treatment and treated water discharge. Additionally, one method, in situ

bioremediation, would treat contaminants in the groundwater.

®  For groundwater OU G2, the two final candidate alternatives involve monitoring and

containment.

Final candidate alternatives are fully described in Section 4.0 of the report. In addition to the
descriptions, there is a narrative discussion which describes the assessment of the alternatives against nine
evaluation criteria commonly used in the FS process. The discussion focuses on how and to what extent

the nine criteria are addressed. The nine criteria are:

~® . Qverall protection of human health and the environment;

° Compliance with ARARs, or more appropriately for soils, RAOs;
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° Long-term effectiveness;

. Reduction of mobility, toxicity, and volume;
L Short-term effectiveness;

° Implementability;

° Cost; -

L 2 Agency acceptance; and

° Community acceptance.

Sections 4.1 and 4.2 present detailed descriptions and analyses.

Section 5.0 presents a comparative analysis of the final candidate alternatives for soil and
groundwater remediation. The soil and groundwater alternatives are compared in terms of the nine

evaluation criteria in Section 4.0.

The comparison of soil alternatives yields a range of remedial options which, with the exception
of the no action alternative, are protective of human health and the environment. All four action
alternatives reduce the site risks below the 1 x 10° (one cancer per million exposed individuals) cancer
risk level. Three action soil alternatives (SA-4, SA-5, and SA-8), rely on a combination of vegetative
and artificial covers and soil treatments to reduce potential human health and environmental risks. The
full excavation and treatment (SA-9) alternative reduces concentrations of target chemicals in all site soils
to meet the RAOs. The full excavation and treatment alternative also provides the greatest long term
effectiveness and permanence, while the hot spot reduction by on-site treatment (SA-5), and in situ
treatment and stabilization (SA-8) alternatives offer the next level of protection and permanence.

The full excavation and treatment (SA-9) alternative provides the greatest reduction in toxicity,
mobility, and volume, while the hot spot reduction by on-site treatment (SA-5), and in situ treatment and
stabilization (SA-8) alternatives offer the next levels of reduction of mobility and toxicity. The
containment (SA-4) alternative does not provide any reduction of contaminant volume, but the mobility
and toxicity is greatly reduced by leachate control. The greatest short term effectiveness would be
provided by the containment (SA-4) and in situ treatment (SA-8) alternatives, while the hot spot reduction

(SA-5) and full excavation and treatment (SA-9) alternatives are progressively more difficult to
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implement. For the purposes of comparison, all remedial alternatives have been planned to operate over

a time period of five years.

The containment (SA-4) alternative is the most easily implementable, and the hot spot reduction
by on-site treatment (SA-5), the in situ treatment and stabilization (SA-8), and full excavation and
treatment (SA-9) alternatives are progressively more difficult to implement, and potentially provide

limited short-term health risks by progressively more disruptive remedial activities.

The most expensive of the alternatives is the full excavation and treatment (SA-9, $15 million),
followed by the hot spot reduction and on-site treatment (SA-5, $9 million), in situ treatment (SA-8, $6
million), and containment (SA-4, $3 million). All but the no action alternative provides the same health

risk reduction for soils remediation.

The comparison yields preferred alternatives for each groundwater OU. For groundwater OU
G1, treatment and reclamation are favored along with in situ bioremediation. The preferred alternative
for groundwater OU G2 is institutional actions, although containment is also favorably considered.
Additional characterization as well as treatability and pilot studies are required to select the most feasible

groundwater remedial action.
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REMEDIAL INVESTIGATION/FEASIBILITY STUDY
UNION PACIFIC RAILROAD YARD
SACRAMENTO, CALIFORNIA
VOLUME 2
FEASIBILITY STUDY REPORT

1.0 INTRODUCTION
1.1 PURPOSE AND ORGANIZATION OF THE FEASIBILITY STUDY REPORT

This Feasibility Study (FS) Report discusses soil and groundwater remedial measures for the
Union Pacific Railroad (UPRR) Sacramento Shops Yard. This FS report is intended to satisfy a section
of the Enforceable Agreement dated March 26, 1987, executed between UPRR and the California
Department of Health Services (DHS).

The California Site Mitigation Decision Tree Manual (DHS, 1986) and the Environmental
Protection Agency (EPA) Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (EPA, 1988a) were used as guides in performing this FS. The organization of this report and

the FS process are summarized as follows:

° Site Background Information (Section 1.2);

] Define soil and groundwater RAOs that are protective of both human health and the
environment (Section 2.2); '

o Evaluate extent of soil and groundwater containing contaminants of interest at levels
above RAOs and the associated clean-up volume (Section 2.3);

LN Develop general response actions for mitigation of site problems associated with the
-affected soils and groundwater (Section 2.4);

° Identify and screen remedial technologies and process options most appropriate for the
site based on effectiveness, implementability, and cost (Section 2.5);
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L Develop and screen remedial action alternatives from a combination of selected
technologies and remedial strategies for mitigation of the site (Section 3.0);

L Perform a detailed analysis of the remedial action alternatives (Section 4.0); and

[ ] Perform a comparative analysis of the final candidate alternatives (Section 5.0).
1.2 BACKGROUND INFORMATION

1.2.1 Site Description

A detailed discussion of site background and features is contained in the Remedial Investigation

(RI) Report (Dames & Moore, 1991). A brief summary of the information from the Rl report follows.

This site is located within the Sacramento city limits in an area of mixed commercial, light
industrial, and residential land use (Figure 1). On the west, residences are separated from the northern
portion of the site by a 100 to 150 foot strip of railroad right-of-way, and from the southern portion of
the site by one to two blocks of commercial, light industrial, and institutional buildings. To the south,
the Sutterville Road overpass separates the site from several blocks of light industrial establishments.
Single fan;ily residences adjoin most of the eastern and northern site boundaries; the residences on the

northern boundary are separated from the site by a narrow alleyway.

Sacramento has warm, dry summers and mild winters. Mean monthly precipitation data are
provided in Figure 2. The mean annual precipitation for Sacramento is 16.86 inches. The maximum
recorded annual precipitation is greater than 37 inches\and minimum less than 5 inches. The maximum
mean monthly precipitation is 3.5 inches and occurs during January, and the minimum mean monthly
precipitation is 0.2 inches and occurs during July. The months of November, December, January,
February and March exceed 2 inches mean monthly precipitation. The maximum recorded precipitation
occurring in a 24-hour period is more than 7 inches and rainfall intensities of 1/4-inch per hour are not

uncommeon.
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Average monthly wind speed and prevailing direction data from the Sacramento Executive Airport
located approximately two miles south of the site are summarized in Figure 3. The prevailing wind
direction is from the southwest 60 percent of the year with an average speed of 8.0 mph. The dominant

southwest winds occur primarily during the spring and summer.

Mean monthly evaporation data for the Davis Agricultural Station are summarized in Figure 4.
The mean annual evaporation is 75.6 inches. The maximum mean monthly evaporation of 12.1 inches

occurs in July and the minimum mean monthly evaporation of 1.4 inches occurs in December.

1.2.2 Site History

The Sacramento Shops Yard was established by Western Pacific Railroad in the early 1900s to
maintain and rebuild steam locomotive boilers and to refurbish rail cars. Diesel engine‘ repair and
maintenance began in the mid 1950s. The site was purchased by UPRR in 1982, and operations were
discontinued in 1983. Buildings and structures on the site were demolished by 1987. The salient features

of the rail yard prior to demolition activities are presented on Figure 5.

The operation of the railroad yard necessitated on-site use and storage of potentially hazardous
materials and chemicals. Potentially hazardous materials identified through a site history analysis
included:

. Fuels -and oils stored in above ground and underground tanks;

L Metals such as arsenic, lead, and copper which could have originated from sandblasting,
painting, machining, welding, bearing manufacture, and application of fungicides and
herbicides;

L Asbestos used in boilers and pipes of steam engines; and

® Solvents, cleaners, and degreasers used to clean and strip railcars in the maintenance
facilities.

Currently, the site contains construction debris, concrete pads that served as former building

foundations, miscellaneous rail yard equipment, and a subsurface storm-water drainage system with
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manholes and sumps. The site surface soils have been disturbed and contain sparse plant species of no
rare or unusual significance. The current site conditions and topography are indicated on Figure 6. With

the exception of a low northwest/southeast trending scarp which runs across the northern portion of the

site, the site generally slopes slightly to the north.

1.2.3 Remedial Investigation

The RI has been performed in phases s‘ince 1987. This phased approach targeted potentially
hazardous substances present in soil, groundwater, and air. A first phase RI was completed and a report
presented to DHS on June 10, 1988. The results of the overall extensive investigation were presented
by Dames & Moore in a February 10, 1990, Draft RI Report, and a subsequent Draft RI (August 1990).
The final RI Report forms Volume 1 of this RI/FS Report.

On-site soils have been characterized in the RI by evaluating the data generated from 53
exploratory borings, over 250 test pits, and numerous additional exploratory excavations (Figures 7 and
8). Over 600 soil samples were collected and analyzed for approximately 5,000 metal analytes, and

approximately 700 analyses were performed for over 6,000 organic analytes.

On-site and off-site groundwater has been evaluated by the installation of 31 groundwater
monitoring wells (Figure 9), the completion of 34 Cone Penetrometer Test (CPT) holes and 27
Hydropunch™ (HP) sample holes (Figure 10). During five rounds of monitoring well sampling,

- groundwater samples were collected and analyzed for volatile chlorinated organic compounds and

aromatics, metals, and selected water quality parameters. Fifty-four HP samples were analyzed for

~ volatile chlorinated organic compounds and aromatics.

1.2.4 Interim Remedial Measures

Specific interim remedial measures were conducted prior to and during the course of the RI/FS

process. The main activities included:

K Removal and appropriate off-site disposal of approximately 1,600 cubic yards of wood
debris and soil suspected of containing asbestos.
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Removal of an 18,000 gallon concrete underground fuel storage tank. This tank was
purged of its fluid contents (15,800 gallons of Bunker QOil and water) then steam cleaned
and demolished. Demolition materials were left stockpiled on-site. The 15,800 gallons
of fluid and an additional 1,500 gallons of rinsate were transported under State of
California Uniform Hazardous Waste Manifest and disposed of as hazardous waste at
Gibson Qil & Refining Company in Bakersfield, California.

Removal of a 1,000 gallon underground storage tank. Residual fluids from this tank
were transported under State of California Uniform Hazardous Waste Manifest and
disposed of as hazardous waste at Gibson Oil & Refining Company in Bakersfield,
California. The 1,000 gallon tank was transported under State of California Uniform
Hazardous Waste Manifest and disposed of at H & H Ship Service Company in San
Francisco, California.

Cleaning of the 72,000 gallon underground concrete fuel storage tank which currently
remains on-site. Approximately 1,600 gallons of rinsate from these operations were '
transported under State of California Uniform Hazardous Waste Manifest and disposed
of as hazardous waste at Gibson Oil & Refining Company in Bakersfield, California.

Removal and appropriate off-site disposal of approximately 150 cubic yards of soil
containing hydrocarbons. The soil was transported as hazardous by railcar under State
of California Uniform Hazardous Waste Manifest and disposed of at the USPCI facility
in Lake Point, Utah. :

7
Removal and appropriate disposal of approximately 70,000 gallons of water containing
very low concentrations of residual hydrocarbons. This water was disposed of under
Sacramento County permit into the county sewer system.

1.2.5 Geology and Hydrogeology

The site

is located in the Sacramento Valley and is underlain by sediments which are characteristic

of flood plain deposits laid down by continually shifting streams. The soils, therefore, consist of a

heterogeneous mixture of clays, silts and sands. Detailed descriptions of site and regional geology and

hydrogeology are contained in the RI Report (Dames & Moore, 1991).

Railyard activities were more intensive in the southern end of the site; therefore, more extensive.

subsurface investigation was conducted there. The typical soil stratigraphy can be summarized as follows:
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Depth (ft) - Material
0-2 Fill; mainly derived from native soils relocated during site leveling; also contains

man-made materials in some locations.

225 Silty clay and clayey silt; contains a low permeability hardpan layer near the
surface over much of the site. Perched groundwater may be present at some
locations above this hardpan layer.

25-35 Sands, silts, and clays; interbedded fine grained materials, fining upwards. The
water table can extend upward into this material.

35-50 Sand, fine to medium grained; maximum thickness 25 feet thinning to 4 feet in
the southwest corner of the site, and absent in the southeast and northeast corners
of the site. The base of the sand is the base of the shallow aquifer zone.

50-60 Clay and silty-clay aquitard zone; varies in thickness from 10 feet to 40 feet,
becomes siltier with depth.

60-150 Interbedded sands, silts and clays.

The fill is distributed with varying thickness across the site as shown in the isopach map in Figure
11. The fill is generally thicker towards the northern end of the site where it extends 8 to 12 feet in some
areas. The other stratigraphic units listed above appear to be continuous over the site, although their
thickness and texture vary. Two additional soil zones were identified in the northern portion of the site:
an interbedded fine grained zone, and a medium grained sand zone. Cross sections through various

portions of the site are presented in the RI Report.

Groundwater is encountered at a depth of approximately 30 feet beneath the site surface. The
uppermost, shallow aquifer is composed mainly of the fine to medium grained channel sand zone,
although the aquifer appears unconfined and extends into the finer overlying material. The horizontal
hydraulic gradient for the site ranges from approximately 0.002 in the northern portion of the site to
0.003 in the southern portion. Groundwater flow direction evaluated during the RI varied across the site
from primarily due south in the northern portion to southeast in the southern portion. Most of the site
groundwater investigation was conducted within this shallow, uppermost aquifer. Both the shallow
aquifer zone and the underlying aquitard appear nearly continuous across the site but their thicknesses
vary. The aquitard is underlain by a deep aquifer zone consisting of interbedded sands, silts, and clays.

Groundwater flow and contaminant transport appear to be controlled by shallow aquifer channel sands.
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1.2.6 Nature and Extent of Contamination

1.2.6.1 Soil Contamination

The analytical results from the RI soil sampling indicate metals and organics, principally diesel-
range petroleum hydrocarbons, are the primary chemicals in soil at the site. The primary metals
measured at elevated levels in site soils were arsenic and lead. Copper was also identified in isolated
areas and was generally associated with elevated levels of lead. Although the bulk of asbestos-affected
soil was removed, one small remaining area with detectable amounts of asbestos was noted. Elevated
concentrations of metals and hydrocarbons were detected mainly in the upper two feet of soil in fill
material. Asbestos was limited almost exclusively to surface soil. The extent of rsoil affected by the

above categories of potentially hazardous materials is described in greater detail in the following text.
Arsenic Distribution

The spatial distribution of arsenic in soils is depicted in arsenic concentration maps at four
different depths within a range from zero to nine feet. The arsenic distribution is indicated on Figures
11 - 14. Based on the concentration isopleth figures, approximately one-quarter of the site surface soils
appear to have been affected by arsenic. The isopleth figures indicate the areal extent and concentration
of the arsenic-impacted soil decreases rapidly with depth, and appears to be associated with surface and
fill soils, rather than uhderlying native soils. ‘
Elevated arsenic levels were measured in the ground surface to the 0.5 foot depth range in the

fdllowing areas as shown on Figure 11:
® - The Switching Area and Railroad Tie and Utility Pole Storage area along the western
boundary of the site northern portion;
o - The northwest corner of the site;

° Near the Flammable Material Storage Area adjacent to the Coach and Paint Shop in the
site southern portion; and

o The Lye Vat and Rattler Pit Area in the site southwestern corner.
UPSAC _RI.001
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The majority of soils containing arsenic elevated above a regional background of 6-8 ppm are
located at depths less than approximately two feet below ground surface with the highest concentrations
in the 0.0- to }O.S-fobt range. Other soils with elevated arsenic appear to be limited to fill materials in
the central portion of the site. The soil fill in this area has a maximum thickness of approximately nine
to ten feet. The draft RI Report concludes that the migration of arsenic has been restricted or impeded

by the low permeability soil underlying the fill in all portions of the site.
Lead Distribution

The spatial distribution of lead in soils is depicted in lead concentration distribution maps
presented on Figures 15 - 18. Based on the concentration figures, approximately one-third of the site
surface soils appear to have been affected by iead. The lead isopleths show levels of lead generally

elevated above a regional background of 22 ppm to be fairly widespread across the yard. Additionally,

' they indicate the approximate areal extent of the lead-impacted soil decreases rapidly with depth. The

majority of lead impacted soil is less than two feet below ground surface with the surface to 0.5 foot
range having the highest concentrations. Beyond this depth, lead appears to be primarily limited to fill
materials which, in the central portion of the site, achieve a maximum depth of approximately nine to ten
feet. As with arsenic, the draft RI Report concludes that the vertical migration of lead has been restricted

or impeded by the low permeability of the native soil underlying the fill material throughout the site.

Elevated lead levels were measured in the ground surface to 0.5-foot depth range in similar areas

as arsenic (refer to Figures 11 and 15) and are outlined below:

° The northwest corner of the site;

e--  The Switching Area and Railroad Tie and Utility Pole Storage Area along the western
boundary of the site northern portion;

® - Near the Flammable Material Storage Area adjacent to the Coach and Paint Shop in the
site southern portion; and :

® - The Lye Vat and Rattler Pit Area in the site southwestern corner.
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Lead is somewhat more widespread across the site than arsenic and it also appears:

® In fill materials in the central portion of the site; and

o Distributed generally in the active southern portion of the site.

Copper Distribution

Copper‘ was found at elevated concentrations during the RI, but the health risk assessment
concluded that copper is not of significant concern for the UPRR site. Additionally, since the limited
amount of copper on-site was found in areas that contain_élevated lead, soils containing cbpper will likely
be remediated as part of the site remediation activities for lead. Therefore, copper will not be further

considered in this FS report.

Organics Distribution

Over 700 soil organic chemical analyses were performed during the RI. Over 500 samples were
analyzed for petroleum hydrocarbons as TPH (total petroleum hydrocarbons) and TPH/gasoline. The:
distribution of total petroleum hydrocarbons, primarily diesel range, are provided in Figures 19-21.

About 40 percent of the TPH samples contained detectable concentrations of total range hydrocarbons.

.Less than 20 percent of the samples contained detectable concentrations of gasoline range hydrocarbons,

most of these at low levels.

Soil samples were also analyzed for volatile organic compounds (VOCs), polycyclic aromatic
hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs). Based on the findings of the RI, diesel-fuel
range hydrocarbons are the only significant organic constituents in the soils that will be addressed in the
FS. Elevated concentrations of aromatic and halogenated organic compounds were detected in

groundwater and they are considered in this FS.
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Asbestos

Soil analysis resuits suggest that small amounts of asbestos are present at low concentrations in
the immediate vicinity of the former Asbestos Storage Building (see Figure 5). The RI concluded that
the source of the asbestos was residual waste remaining from building debris piles that were removed
as an interim remedial measure (IRM). Asbestos concentrations remaining at the site will be subject to

IRM removal in the near future and will not be addressed as a part of the FS process.

1.2.6.2 Groundwater Contamination

The analytical results from groundwater monitoring well and Hydropunch™ in situ groundwater
sampling indicate solvents and metals are the primary chemicals in groundwater at the site (See Figures
22 and 23). There are two primary groups of organic chemicals detected at the site: chlorinated volatile
organics and aromatics. The aromatic compounds benzene, toluene, xylene and ethylbenzene appear
primarily to be restricted to the Oil House Area of the site. The chlorinated volatile organic 'compounds
1,1-dichloroethylene (1,1-DCE), 1,2-dichloroethane (1,2-DCA), 1,1, 1-trichloroethane (1,1,1-TCA), 1,1-
dichloroethane (1,1-DCA), and trichloroethylene (TCE) appear distributed more widely and have been
detected off-site. The primary metals measured in groundwater in excess of background levels were lead

and nickel. The distribution of metals and solvents in groundwater is described in greater detail below.

<

Lead

Lead was detected in 17 of the 31 monitoring wells sampled, at concentrations ranging from 10
to 63 ug/l. Several of the measured lead concentrations exceed the expected background concentration
range of 1 to 9 pg/l. One value exceeds the federal MCL of 50 ug/l (63 ug/l in MW-30), and previous
groundwater analytical results for monitoring well MW-30 included a 20 pg/l léad value. Additional
fluctuation of measured lead concentrations were observed in the analytical results from MW-11: in the
previous round of sampling, lead was detected at 57 ug/l, and in the latest round of sampling lead was
not detected in MW-11.

Nickel
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Nickel was detected in 25 of 31 monitoring wells sampled. Concentrations ranged from 10 to
450 pg/l. Many of the measured values were above the expected background concentration range of 1
to 12 ug/l Johnson, 1985), and two of the measured values exceeded the state applied action level (AAL)
of 400 ug/l. Of the 25 monitoring wells analyzed at least twice for nickel, 14 of the wells indicated an
increase in the relative concentration in nickel by 50 % or more, 7 of the wells showed a relatively low
change in concentration, and 4 of the wells showed a decrease in nickel concentration. Based on this
data, it appears there is a general increase in nickel concentrations in groundwater at the site.
Alternatively, based on the broad range of nickel concentration fluctuations, a sampling or instrumental
procedure may be contributing to what may be an apparent increase in nickel. A source of nickel has
not been idéntiﬁed on-site. The highest concentrations (450 and 420 ug/l were measured in wells MW-23
and MW-24 (Figure 1), respectively, indicating that either an off- and/or on-site source is possible based

on groundwater flow direction.

Aromatic Hydrocarbons

The aromatic compounds benzene, toluene, xylene, and ethylbenzene appear restricted primarily
to the Oil House Area of the site. Benzene, toluene, xylene, and ethylbenzene were detected at
concentrations up to 12,000, 250, 530, and 1,200 pg/L, respectively, in monitoring well MW-13.

Aromatic compounds appear to be limited to the upper portion of the shallow aquifer zone.

Benzene was detected at low concentrations during the May 1990 round of sampling in monitoring
wells downgradient of the Oil House Area and along the eastern site boundary (MW-29, MW-30, and
MW-31 on Figure 8). This is the first detection of benzene in a monitoring well outside of the former
Oil House Area. Concentrations of benzene were 6.2, 2.4 and 1.1 pg/L for groundwater samples from
monitoring wells MW-29, MW-30, and MW-31, respectively.

Aromatic compounds were not detected off-site during the April/May 1990 Hydropunch™

sampling.
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Chlorinated Volatile Organic Compourids

Five general impacted areas of the site have been identified in the RI Report on the basis of

chlorinated volatile organic compound groundwater sample analytical results:

Area Constituent Monitoring Well
Oil House 1,1,1-TCA, 1,1-DCA, 1,2-DCA, MW-4, MW-12, MW-13,
1,1-DCE, 1,2-DCE, TCE MW-14
Coach and Paint Shop 1,1,1-TCA, 1,1-DCA, 1-1-DCE MW-15, MW-16
Fueling Station 1,1,1-TCA, 1,1-DCA, 1,1-DCE, MW-7
1,2-DCE :
Office (South of Oil House) 1,1,1-TCA, 1,1-DCA, 1,1-DCE, MW-17, MW-18
. TCE
Store House (North of Qil 1,1,1-TCA, 1,1-DCA, 1,1-DCE, MW-11, MW-33
House) TCE

The highest concentrations measured in the monitoring wells listed above are those in the Qil
House Area (MW-4, MW-12, MW-13, and MW-14),

The chlorinated volatile organic compounds, primarily 1,1-DCE, 1,2-DCA, and TCE have been
measured off-site at concentrations exceeding the MCLs. The highesf concentrations were detected along
the eastern site boundary along 24th Street, downgradient of the former Oil House Area. Concentrations
of the chlorinated volatile organic compounds decreased downgradient of the Oil House from about 400
pg/L to about 140 ug/L along West Curtis Drive near Sutterville Road. This indicates a chlorinated.
volatile organic plume of approximately 1,200 feet in length. Preliminary groundwater modeling has been

completed and the results are provided in Figure 29.
1.2.7 Baseline Health Risk Assessment

The results of the baseline Health Risk Assessment (HRA), indicate that exposures to lead, arsenic

and PAHs provide the greatest potential concern for human health. The pathways providing the largest
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contribution to health risks were from inhalation of resuspended dust and from soil ingestion. Crop
ingestion froni vegetables, either grown in backyard gardens in on-site soils, or in off-site soils receiving
particle deposition, presented lower health risks when compared to soil ingesﬁon or inhalation. Lifetime
cancer risks from inhalation and soil ingestion exposure to arsenic were 10 in areas with concentrations
elevated above background (concentrations exceeding 8 mg/kg arsenic in soil) to 10” in areas with arsenic
concentrations below 8 mg/kg. Lifetime cancer risks from inhalation and soil ingestion exposure to

carcinogenic PAHs are 10°. Arsenic risks ‘are above the acceptable risk range of 107 to 10*

~recommended by EPA to be achieved by a typical site remedial action.

Exposures to lead in areas with elevated concentrations (concentrations exceeding 190 mg/kg in
soil) result in blood lead levels that may exceed currently accepted threshold levels of 15 ug/dL blood
(micrograms per deciliter of blood, where 1 deciliter = 100 milliliters). Exposures of children to
elevated concentrations of lead in soil can result in blood lead levels up to 94 ug/dL. Exposures to lead
in areas with lower lead concentrations (concentrations below 190 mg/kg in soil) were predicted to result
in blood lead levels of 8.4 ug/dL blood (in children).

The baseline health risk assessment (HRA) evaluated potential exposures and health risks of
residents currently living near the site and future residents who may live at the site. Health risks were
estimated based on a reasonable maximum exposure (RME) scenario. The RME scenario is defined as
the highest exposure that is reasonably expected to occur at a site. The intent of the RME scenario is to
develop an estimate of exposure well above average But which is still within the range of possible
exposures. The assumptions used in developing the RME exposure scenario are health-protective, in that
they assume exposures to the 95 percent upper confidence limit (UCL) of the average level of chemicals
at a site. Such assumptions are endorsed by the EPA because they are not likely, in actuality, to
underestimate the exposures or health risks from the site. The assumptions used in estimating the RME
and the rationale for those assumptions are presented in detail in Appendix F, Baseline Health Risk
Assessrﬁent, of this report. Use of the RME scenario reflects compliance with guidance provided by the
Risk Assessment Guidance for Superfund: Human Health Evaluation Manual Part A (EPA, 1989) and ,
also with the California Department of Health Services (DHS).
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The chemicals of primary concern, identified in the HRA, included arsenic, lead, cadmium and
nickel, polycyclic aromatic hydrocarbons (PAHs) and total petroleum hydrocarbons (TPHs). The metals
identified have demonstrated carcinogenic effects in laboratory animals or in epidemiological studies.
Low-level exposure to lead is also associated with neurological and behavioral effects, particularly in
children. PAHSs have been shown to be carcinogenic in laboratory animals. Chlorinated and aromatic
volatile organic compounds (VOCs) and metals have been detected in groundwater at the site, however
these are of lower human health concern because exposures to groundwater have not been identified at

this time.

The exposure pathways addressed in this HRA are specified for either current or future residential

land use. The current residential land use exposure pathways for off-site residents are:

® Inhalation of resuspended dust;

o . Soil ingestion (unauthorized entry on-site);

e Soil ingestion (off-site);

o . Crbi) ingeétion (deposition of resuspended dust onto off-site soil);
o Dermal exposure (unauthorized entry on-site); and

L2 Dermal exposure (deposition of resuspended dust onto off-site soil).

The future residential land use exposure pathways for on-site residents are:

e®-  Inhalation of resuspended dust;

- Soil ingestion (on-site);

® - Crop ingestion (vegetables raised in backyard gardens in on-site soils); and
® - Dermal exposure (on-site soils).

A complete groundwater exposure pathway was not identified in the HRA. Aquifers near the site that
have been impacted by contaminants are not used for drinking water, while existing drinking water
supplies are distant from the site. A groundwater modeling study based on a 30-year release scenario

UPSAC_RI.001
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indicated that contamination in groundwater would not affect existing drinking water wells (RI, Volume

1 of this report).
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2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES
2.1 INTRODUCTION
The purpose of this section of the FS is to identify technologies that may be applicable to the
UPRR - Sacramento site. The identification of remedial technologies is completed in the order and

sections as follows:

.- RAOs are developed which describe goals for protecting human health and the
environment, Section 2.2;

®- - Volumes of media (soil, groundwater) to be remediated are calculated, Section 2.3;
® - General response actions are identified which may satisfy the RAOs, Section 2.4;
e--  Applicable technology types and process options are identified and screened, Section 2.4;

® --  Technology types are evaluated for effectiveness, implementability, and cost, Section 2.5.
2.2 REMEDIAL ACTION OBJECTIVES

RAO:s are site-specific goals for remediation of soil and groundwater which are protective of both

human health and the environment. RAOs may be developed from ARARs or through risk assessment.

ARARSs are identified from the range of contaminants and pathways identified in the RI and other

risk assessment tasks. Factors considered in selecting ARARs include:

L Chemical type;
o Affected media (air, soil, surface water, groundwater, biota);
o- Specific goals and objectives of the requirement; and

® - Circumstances under which an ARAR may be waived.

UPSAC_RI.001
DAMES & MOORE 16



—-

I A BN B O =

I I B Y N e

Waivers for ARARs include implementation of interim remedial measures (IRMs) and circumstances in

which compliance with an ARAR would result in greater health risks than would otherwise be obtained.
ARARs are available largely for contaminants in groundwater or surface water. ARARs are
unavailable for contaminants in soil or in air. Health risks associated with toxicants in soil or air will

be addressed through toxicity and risk assessment methodologies.

The Baseline Health Risk Assessment (HRA) evaluated existing site conditions as characterized

- in the RI, identified existing and potential exposure pathways from the site, estimated potential expoSures

of surrounding populations and the environment through those pathways, and characterized the potential
risks resulting from exposure to site contaminants. From the suite of chemicals detected in soil or
groundwater at the site, the HRA identified selected chemicals that were of human health concern. These

chemicals represent the most suitable candidates for developing RAOs.
2.2.1 Contaminants of Interest
2.2.1.1 Soil

The chemicals of concern in soils are arsenic, lead, PAHs and diesel range TPH. Based on the
HRA, lead and arsenic in soils at the site are of greatest human health concern. The cancer risks
associated with PAHs in the soil are approximately one order of magnitude lower than the cancer risks
associated arsenic. Also, PAHs are found in more limited areas of the site than lead or arsenic. TPHs
were also detected in limited areas of the site, however, evaluation of petroleum hydrocarbons detected
in soils is limited by a lack of a human health criteria for these compounds. The health risks potentially
associated with exposure to the TPHs were therefore assessed using toxicity data for the various known

toxic or carcinogenic constituents of the TPH family of compounds.
2.2.1.2 Groundwater

The HRA did not identify a complete exposure pathway from contaminant sources to drinking

water sources, hence chemicals in groundwater were not considered to be a threat to human health. There -

UPSAC _RI.001
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are ARARs for some of the chemicals detected in groundwater. These chemicals are chlorinated volatile

organic and aromatic compounds and metals, and their ARARs are listed in Table 3.

2.2.2 Exposure Pathways

The HRA identified the following soil exposure pathways for purposes of calculating risk based

residual concentrations.

® - Inhalation of fugitive dust emissions;
L2 Ingestion of soil on-site;
® - Deposition of fugitive dust emissions off-site and uptake in off-site backyard gardens and

exposure through crop ingestion; and

L Ingeétion of crops from backyard gardens grown on-site.

Table 1 summarizes the soil exposure pathways.

2.2.3 Development of Remedial Action Objectives

2.2.3.1 Soil Remedial Action Objectives

The risk based residual concentrations are presented in Table 1. This table presents soil
concentrations equivalent to various acceptable intake levels such as Reference Doses (RfDs), or
acceptable cancer risk levels. Risk based concentrations are compared to background concentrations,
regulatory standards, and detection limits to choose the chemical-specific remedial objective. Table 2
summarizes these values and the soil RAOs selected for the UPRR site. Chemical-specific ARARs define
acceptable levels of exposure and can be used in establishing pfeliminary RAOs. However, chemical- .
specific ARARs are not available for the UPRR site soil contaminants. Concentration of TPHs detected
in soils at the site in some areas exceed the California Leaking Underground Fuel Tank (LUFT)
guidelines. Therefore, the remediation or removal of soils from those areas exceeding the LUFT

guidelines is also addressed in this FS.
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The_ following concentrations of lead, arsenic, and TPHs were selected as the RAOs for the soils

at this site:
L] Lead - 190 mg/kg, based on the on-site soil ingestion pathway;
®  Arsenic - 8 mg/kg, based on the background concentrations of arsenic in soils; and

L TPH - 1,000 mg/kg, based on LUFT guidelines.

_The RAO for lead is the health-based residual concentration in soil, insofar as it is unlikely to
result in blood lead levels above 15 ug/dL. Attaining this concentration of lead in soil is likely to reduce

risks to acceptable levels for all pathways.

The RAO for arsenic was set at the measured local background level, because health-based
concentrations for arsenic would result in soil arsenic levels below background. Selection of background
as a level RAO reduces risk from arsenic to levels comparable to arsenic in uncontaminated soils distant

from the site.

The RAO selected for diesel hydrocarbons is based on LUFT guidelines. The soil cleanup level
for diesel hydrocarbons is 1,000 mg/kg TPHs.

These RAOs are the chemical concentrations in soil which must be achieved to allow unrestricted
site use for all of the pathways evaluated in the risk assessment. If the recommended remedial actions
at the site cannot meet these RAOs, then site use limitations or controls on exposure pathways may be

appropriate in order to meet acceptable health risk levels.

-2.2.3.2 Groundwater Remedial Action Objectives

Groundwater RAOs will be set at the drinking water ARARs for chemicals of concern until a
more complete understanding of the extent of the on- and off-site groundwater contamination is
developed. These chemicals are identified and the ARARs used as RAOs are provided in Table 3.

UPSAC_RI.001
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2.3 IDENTIFICATION OF OPERABLE UNITS

This section of the FS report identifies volumes of soil and groundwater with contaminants in
concentrations gxceeding the RAOs and hence requiring remedial action. The areas with soil and
groundwater contamination have been divided into units anticipated to require similar remedial actions,
as provided in the CERCLA guidance documents (EPA, 1988a). These areas are called Operable Units
(OUs). The division of the site into OUs was based on the presence of a variety of different chemicals
of concern, different media requiring remedial action, and the variety of material handling techniques-

required. The soil and groundwater OUs are discussed in the following sections.

2.3.1 Soil Operable Units and Volumes

Based on the results of the soil investigation conducted as part of the RI, several areas have been .
identified at the UPRR-Sacramento site which are subject to mitigation (Figures 25-27). These areas are
identified by their key characteristics, including the principal chemicals, volume and average depth of
contamination above RAOs as summarized in Table 4. Several areas exhibit the same principal
contaminants distributed at similar depth, and therefore, are combined into a single soil OU based on the
type of technology that can be épplied in a remedial cleanup effort. Thus, the contaminated areas are
combined into three soil OUs as outlined in Table 6 and indicated in Figures 24, 25, and 26. The OUs
were separated on the assumption that soils affected by TPH only, or As and Pb only, could be
remediated differently than soils affected by As, Pb and TPH together.

The three OUs are described separately although there is a spatial overlap between OUs and so

the volumes stated below are not additive:

° Soil Operable Unit S1 is shown on Figure 24, and the principal chemicals of concern are
diesel and gasoline range petroleum hydrocarbons. The estimated area of S1 which
contains greater than 1,000 ppm total petroleum hydrocarbons is approximately 106,000
square feet, or roughly 2.5 acres and the estimated total volume is approximately 24,500
cubic yards of soil.

® - Soil Operable Unit S2 is shown on Figure 25, and the principal chemicals of concern are
arsenic and lead. The estimated area of S2 which contains greater than 8§ mg/kg arsenic

UPSAC_RIL001
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or 190 mg/kg lead is approximately 1,150,000 square feet, or roughly 26 acres, and the
estimated total volume is approximately 107,000 cubic yards of soil.

° Soil Operable Unit S3 is shown on Figure 26, and consists of soil that contains arsenic,
lead, or diesel and gasoline range hydrocarbons at levels greater than 8 mg/kg, 190
mg/kg, and 1,000 mg/kg, respectively. The materials in S3 are estimated to cover
approximately 1,150,000 square feet or roughly 26.5 acres, and total approximately
116,000 cubic yards.

2.3.2 Groundwater Operable Units and Volumes

Impacted groundwater can initially be divided into five separate plumes that relate to impacts from

chlorinated solvents, aromatic hydrocarbons, and metals (See Figure 27). These plumes are described

as follows:

‘Plume A

Plume B

Plume C

Plume D

Plume E

Off-site groundwater containing chlorinated solvents primarily 1,1-DCE but also
containing 1,1,1-TCA, 1,1-DCA, 1-2-DCA, and TCE.

On-site groundwater containing aromatic hydrocarbons such as benzene, toluene,
xylene, and ethylbenzene.

On-site groundwater containing chlorinated solvents as discussed above for Plume
A.

Deep zone aquifer containing chlorinated solvents such as 1,1-DCE, 1,1-DCA,
and TCE.

On-site groundwater containing the metals nickel, chromium, and lead.

These plumes are combined to form the following groundwater OUs.

Gl

G2

Consists of Plume A containing the chlorinated solvents and Plume B which
contains aromatic hydrocarbons.

Plumes C, D, and E are combined to form OU G2. This plume contains low-
level chlorinated solvents and metals.

The spatial distribution of the various metals, and aromatic and chlorinated solvents is shown on

Figure 27. This figure was developed using data from the Hydropunch and Groundwater Investigation’

UPSAC_RI.001

DAMES & MOORE

21



U/

‘-‘ -

(Dames & Moore, 1990b). The approximate boﬁndaries of the'OUs are based on the extent of the various
compounds that exceeded the state maximum contaminant level (MCLs), state action levels (AL), or were
an order of magnitude above background if no MCLs or ALs were available. The areal extent and

volume of each plume is summarized in Table 5.

Volumes for Plume A are based on the two modeling simulations reported in the Hydropunch and
Groundwater Investigation Report (Dames & Moore, 1990b). The model simulated the extent of
contamination for releases over 10 years and releases over 30 years. The two values of Plume A give
the range of volumes possibly affected. However, it needs to be understood that the exact extent of
contamination has not been defined and these volumes represent estimates based on modeling resuits.

These volume estimates will be refined as more data become available.

The approximate boundary of Plume A for the 30-year simulation was established as the 6 ug/L
concentration contour for 1,1-DCE and encompasses about 976,000 square feet (Figure 28). The
concentration of 6 ug/L is the state MCL for 1,1-DCE. An average thickness of 25 feet was used to
compute the volume. The thickness was taken as the distance between the elevation of the water table
and the base of shallow zone sand. Using the above dimensions and assuming a porosity of 0.3 (Bouwer,
1978), the volume of off-site groundwater containing chlorinated solvents above 6 ug/L is approximately
7.32 x 10° cubic feet. The distribution of other contaminants is also included within the chlorinated

solvent plume.

The areal extent of Plume A for the 10-year simulation, about 527,800 square feet (Figure 27),
is much smailer than for the 30-year simulation. The approximate boundary of the plume is based on
both the extent of chlorinated solvents found above MCLs during the interim investigation and results
from the 10-year simulation. The lateral edge of the plume is based on sampling results while the
downgradient edge is based on the 10-year model simulation. The thickness of the aquifer is known to
vary over the extent of the plume, therefore, the plume was divided into separate subvolumes, each of
equal thickness. The total volume of Plume A was then estimated by calculating each separate
subvolume. Subvolumes were calculated by determining the areal extent of the plume between elevation

contours for the base of the sand. Subvolumes were determined for thicknesses of 20.0, 22.5, 25.0 and
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30.0 feet and are given in Table 6. As before, a porosity of 0.3 was used. The total volume was
estimated to be 3.71 x 10° cubic feet. )

Aromatic compounds define the extent of Plume B. This plume is completely contained within
the extent of Plume A. The areal extent of Plume B is approximately 7,519 square feet. The thickness
was estimated to be about ten feet since the aromatics appear to be mostly limited to the upper part of

the aquifer. The total volume was estimated to be about 226 x 10* cubic feet.

The Volume of Plume C, 2.39 x 10° cubic feet, is based on an areal extent of about 53,110 square
feet, a thickness of 15 feet (based on the distance between the water table and base of the sand in this
area), and a porosity of 0.3. The volume of Plume D, 3.55 x 10° cubic feet, is based on contaminants
found in the deep aquifer zone. The areal extent was estimated to be 11,834 square feet while the
thickness was. assumed to be 10 feet. Again, the porosity was assumed to be 0.3. Figure 30 is a

schematic that shows the relation with depth of Plumes A, B, and D.

Metals in groundwater occur sporadically across the site. However, a'small OU was defined
inside Plume E. The areal extent was estimated to be about 9,780 square feet using a thickness of 15 feet

and a porosity of 0.3, the volume is about 4.40 x 10* cubic feet.
2.4 GENERAL RESPONSE ACTIONS

General response actions applicable to groundwater and soil at this site have been developed to
satisfy the RAOs. The range of general response actions in this report include source reduction and
exposure pathway control measures. Source reduction measures lower the concentrations of containinants
in soil and groundwater to meet the RAOs. Pathway control measures prevent exposures after the

contaminant concentrations at the site have been reduced to an acceptable residual risk level.
2.4.1 Soil

For the soil OUs, the applicable general response actions are as follows:
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In terms of groundwater treatment, thermal destruction is not a potentially applicable technology
since large volumes of groundwater need to be treated. The type and level of contaminants in the water
also make this technology impractical. Reverse osmosis has been screened out because it is not feasible
for large volumes of groundwater and because it is more commonly used for removal of dissolved solids.
All other process options considered were found to be potentially applicable to the site. These options

will be evaluated in more detail and screened in the next section.

2.5.2 Evaluation of Process Options

In this step, process options were evaluated in more detail and further screened using the

following three criteria:

®  Effectiveness
® - Implementability

o Cost

To enable selection of representétive process options for remedial technologies, the evaluation
focuses on effectiveness factors with less effort directed at the implementability and cost evaluation. The
result of this evaluation is the selection of one or more process options to represent each remedial
technology as necessary. The process options evaluation is summarized in Figures 32 and 33. Screening
comments are summarized within the following descriptions of screening criteria.

\

25.2.1 Effectiveneés

.

Specific technology processes were evaluated for their effectiveness relative to other processes

within the same technology type. This evaluation focused on:
1. The potential effectiveness of process options in handling the estimated areas or volumes
of media and meeting the goals identified in the RAOs;

2. The effectiveness of the process options in protecting human health and the environment
during the construction and implementation phase; and
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3. The reliability and proven application of the process with respect to the contaminants and
conditions at the site.

Soil

The no action process option is not effective in achieving the RAO but is retained for a baseline

comparison.

Institutional actions are effective in reducing direct contact and ingestion pathways of exposure
to soil contaminants. They may have applicability at this site and are retained for development of

alternatives.

Capping process options may be used in conjunction with other processes and are retained for
further analysis.

Treatment process options which reduce the toxicity, mobility, and volume of the soil

contaminants are available and are retained for development of alternatives.
Groundwater

For groundwater, the no action process option will include monitoring due to the Porter-Cologne

Act requirements and the aquifer nondegradation policy of the RWQCB.

Institutional actions have applicability at this site and are retained for development of alternatives.
Access and deed restrictions are effective in limiting exposure pathways. Monitoring will assist in early

detection of any off-site migration and also will be needed to evaluate the clean-up.

Physical and chemical pretreatment are effective and reliable technologies. Precipitation as a
process option can be effective for removal of metals. The choice of one or any combination of these

pretreatment methods will be dependent on the requirements of the effluent polish process.

UPSAC_R1.001 |
DAMES & MOORE 28



-’ —" -

o S

\ g . )
: - g %

-'
!

Effluent polish procedures can all, theoretically, be effective in removal of contaminants present
in the groundwater. However, their effectiveness at this site will need to be verified by treatability

studies before making the decision of selecting one or a combination of processes.

Ex situ bioremediation is not an effective option for the contaminant concentrations present in

groundwater and is screened out from further evaluation.

2.5.2.2 Implementability

Implementability encompasses both the technical and institutional feasibility of utilizing a specific
technology process. Technical implementability was used as an initial screening criteria for technology
types and process options to eliminate those that were clearly ineffective or unworkable at the site.
Therefore, the subsequent, more detailed evaluation of process options places greater emphasis on the

institutional aspects of implementability, such as the ability to obtain necessary permits for otf-site

~actions, the availability of treatment, storage, and disposal services (including capacity), and the

availability of necessary equipment and skilled workers to implement the technology.

Soil
Institutional actions and containment processes are easily implementable and are retained for

development of alternatives.

Soil flushing is not technically implementable due to questionable environmental controls and
recovery of solvents from the in situ soils. The fine-grained soils of this site would be difficult to flush

solvents through and, consequently, collection and extraction of elutriate would be very difficult.

Chemical fixation is retained, however it has implementability constraints if fixation does not
adequately stabilize the target chemicals. Treatability tests will be required during the remedial design

phase if this process option is adopted for site remediation.
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DAMES & MOORE 29



1

A . ; . ‘ R . ; _ . -~ N . - - -
) D - .. -l — -l e

In situ vitrification, is an innovative technology which is still in the developmental stages. The
technology has primarily been used for solidification of inorganic wastes and is considered by EPA to

be the "best" available technology for stabilizing arsenic in soil; however, organic wastes are partially

~ combusted and volatilized by the treatment process. In situ vitrification has not been utilized for large-

scale stabilization. This process option has therefore been screened out.
Groundwater

Institutional actions are easily implemented on-site and have been retained for further development
of alternatives. The implementability of access and deed restrictions for the off-site plume is not known

at this time.

In situ bioremediation process options may be implementable for the off-site plume and have been
retained for further evaluation. However, its implementability and effectiveness under site-specific

conditions should be verified by pilot-scale studies.

Management of treatment residuals by thermal destruction or landfilling on-site will be
unacceptable to the public and permitting will be very‘difﬁcult and is screened out. Carbon regeneration
off-site will be the representative process option for management of treatment residuals if carboﬁ
adsorption is the selected treatment process option. Off-site landfilling has not been screenéd out for
sludge residuals resulting from pretréatment which may have to be landfilled or partially treated and
landfilled. |

2.5.2.3 Cost

Cost plays a limited role in the screening of process options. For screening purposes, relative
capital and operating costs are generally used rather than detailed estimates. The cost analysis was based
on engineering judgment, and-each process was evaluated as to whether costs are high, medium, or low
relative to other process options in the same technology type. This procedure is considered appropriate
because the greatest cost consequences in site remediation are usually associated with the degree to which

different general technology types are used. For example, containment, treatment and excavation have
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major cost differences, whereas using different process options within a technology type usually has a

lesser effect on cost.

The exact process option to be used for site remediation will be determined during development
of the Remedial Action Plan, subsequent to agency and community acceptance of the select site-wide
remedial action. The groundwater treatment process options will have to be evaluated and compared
based on treatability study results and detailed capital and operating costs before one process or a

combination is finally selected for the Remedial Action Plan.
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3.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES

In this step of the FS, the remedial technologies and process options that remain following the

. screening process are combined to form remedial action alternatives designed to address the affected soils

and groundwater at the site and the significant pathways of potential contaminant migration. The purpose
of the following analysis is to develop preliminary and final candidate remedial alternatives for the site
which protect human health and the environment and encompass a variety of waste management

alternatives, including:

o - Elimination of contaminated soil and groundwater at the site;

L Complete reduction of contaminated soil and groundwater to RAOs;

] Partial reduction to an acceptable low risk level and prevention of potential off-site
migration;

° Control of potential exposure pathways; or

o Some combination of the above.

The development of alternatives requires that the following tasks be completed:

o. Develop RAOs which describe goals for protecting human health and environment;

® - Define media-specific OUs and calculate volumes of media requiring remediation;

o Identify general response actions to satisfy RAOs;

o Identify and initially screen applicable technologies and process options;

o Evaluate remaining technologies and process options for effectiveness, implementability,
and cost; and

° Combine general response actions and process options for each medium or OU to form
alternatives.

During the evaluation, preliminary alternatives are eliminated from further consideration if they:
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1) Do not effectively protect human health and the environment;
2) Are flawed with respect to administrative or technical'feasibility; or
3) Are significantly higher in cost than other alternatives without a corresponding -

increase in benefit, protection, or reliability.

Screening of preliminary alternatives produces a manageable group of the most appropriate final

candidate alternatives which are evaluated in detail in subsequent sections of the FS Report.

The RI, summarized in Section 1.0 of this report, did not indicate a strong interaction between
the soil and groundwater media. For the purposes of developing and screening alternatives, the selected
alternatives have been combined into media-specific alternatives for remediation of soil and groundwater.

These alternatives are evaluated separately in the following sections.
3.1 DEVELOPMENT OF SOIL ALTERNATIVES

Soil remedial alternatives have been developed which cover a full range of actions and
accompanying implications with regards to response and possible consequences. We have examined no
action, institutional controls, actions which would reduce or eliminate migration, control of potential
exposure pathways, contaminant source reduction and removal, and alternatives which would require

restricted future land use as well as those which would allow essentially unrestricted uses.
3.1.1 Introduction

Nine alternatives were developed from the initial screening of remedial technologies and prOcess

' options. These alternatives, as discussed in Section 3.1.2, were based on the areas identified by

overlaying contaminant distribution maps for arsenic, lead, and TPH at different depths. The combined
site-wide contaminant distribution is presented in Figurés 34 through 39. These figures show the areas

affected by each key contaminant above the RAO, namely:

Arsenic (As) > 8 mg/kg
Lead (Pb) > 190 mg/kg

Total Petroleum Hydrocarbons (TPH) > 1,000 mg/kg
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The depths of affected soils above the RAQOs are also shown on Figures 34 through 39. The
volumes of soils which are affected by a combination of either one, two or three of the key contaminants
are presented in Table 4. This table represents the total volume of soil (+ 20%) above the site RAOs.
The area of soil above the RAOs has been delineated as a soil OU. The recommended soil OUs for
remediation of the site are discussed in Section 2.3 and shown in Figures 24 through 26. The OUs were

identified as follows:

S1 - TPH
S2-AsorPb

S3 - As, Pb and/or TPH

Within these soil QUs are zones of higher concentrations referred to as "hot spots” which are

soils containing:

As > 100 mg/kg
Pb > 1,000 mg/kg

TPH > 1,000 mg/kg
The hot spots are shown on Figure 38.
3.1.2 Identification of Soil Alternatives

A total of nine alternatives, including no action, limited action, a range of treatment alternatives
covering the management of residual contaminants, and a non-residual alternative have been selected for

further development and screening (Table 9). These alternatives are summarized below:

Alternative 1: No Action - This alternative would leave the site in its present condition.

Alternative 2: Institutional Controls - This alternative would provide institutional controls such as
zoning and voluntary land use limitations, fencing, and periodic soil and groundwater
monitoring to evaluate the potential migration of target chemicals off-site.
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Alternative 3: Limited Action - This alternative would combine dust control by irrigation and
revegetation with land use limitations and access restrictions to reduce the exposure
pathways. Periodic monitoring of soil and groundwater would be required to evaluate
potential migration.

Alternative 4: Containment - This alternative would place a cap over soil containing target chemicals
at concentrations which exceed the RAOs. This alternative would include dust control,
land use limitations, excavation controls, and periodic monitoring of soil, groundwater,
and cap integrity.

Alternative 5: Excavation and On-Site Treatment - This alternative would involve excavation of
arsenic and lead hot spots and treatment by soil washing on-site. Excavation and
bioremediation would be used for TPH soils above RAOs. Other soils above the RAOs
would be remediated by dust control and capping. Periodic monitoring of soil,
groundwater, and cap integrity would be required.

Alternative 6: Excavation and Off-Site Disposal - Hot spots for arsenic, lead and TPH would be
excavated and transported for off-site disposal. Dust control and a cap for other areas

above the RAOs would be included as well as periodic monitoring of soil, groundwater,
and cap integrity.

Alternative 7: Excavation and Off-Site Treatment and Disposal - Similar to Alternative 6 in all
respects except for treatment of the excavated soil off-site before disposal.

Alternative 8: In Situ Treatment - This alternative would focus on in situ bioremediation of TPH and
in situ soil stabilization techniques for metals with capping, dust control and periodic
monitoring of soil, groundwater and cap integrity.

 Alternative 9: Full Treatment - This alternative would combine the representative technologies and

process options identified in Alternatives 5, 6, 7, and 8 to excavate and treat all soil
above the RAOs. :

These alternatives are screened in Section 3.2 in terms of their suitability for the remediation of
each of the soil OUs. Because some of the alternatives are not suitable for remediation of all of the soil
OUs, a screening of applicable alternatives is performed on the basis of effectiveness, implementability,

and cost.
3.2 SCREENING OF SOIL ALTERNATIVES

Each of the nine identified alternatives are analyzed in terms of effectiveness, implementability,

and cost for remediating contaminated soils in the three soil OUs, namely:
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S1 - TPH

S2 - As, Pb

- 83 - As, Pb and/or TPH
These soil OUs are shown in Figures 25 through 27. Due to the overlapping nature of the
contaminant distribution, OU S3 is the dominant area on the site (Figure 26). The screening of the soil

remedial alternatives in this section is therefore focused on OU S3. More detailed consideration of S2

J

and S1 is provided in Section 4.0 under detailed analysis of soil alternatives.
The screening criteria include the following factors:

® Effectiveness
- Protection of human health and the environment.
- Compliance with the ARARs or RAOs.

- Reduction in toxicity, mobility and volume.

o Impliementability
- Technical feasibility.
. - Availability of technology and expertise.

- Administrative approval.
L 3 Cost - Rough-order-of-magnitude or relative estimate of costs.
3.2.1 Soil Alternative 1 - No Action

Soil alternative 1 (SA-1) would leave the site in its present condition. Analysis of this alternative
is required as a baseline only. The alternative would not meet the site RAOs nor provide protection of
human health and the environment as indicated by the baseline health risk assessment. It would not
reduce the toxicity, volume, or mobility of the soil contaminants.
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The no action alternative is readily implemented, requires no technology or expertise, but would

not meet with regulatory or community approval.

There would be no costs associated with the no action alternative. SA-1 is retained as a baseline

requirement.

3.2.2 Soil Alternative 2 - No Action with Institutional Controis

Soil alternative 2 (SA-2) would provide deed restrictions and zoning constraints on future land
use. For example, excavation and future activities could be limited to areas outside the hot spots. Siting
of some developments which could expose the public to higher potential health risks would not be
permitted, fencing of the site would be required, and periodic soil and groundwater monitoring would

be undertaken to detect target chemicals moving off-site.

Due to the potential for dust generation, SA-2 would not provide consistent and long-term
protection of human health and the environment nor does it meet the site RAOs. It would also unduly
limit future use of the site. SA-2 would not provide any reduction in toxicity, mobility, or volume of

the soil contaminants except for the natural biodegradation of TPH.

SA-2 would be difficult to implement because zoning and land use limitations that significantly

limit future land use are unlikely to be acceptable to the state or community.

The cost of acquiring approvals could be high, but probably less so than implementing a remedial
technology alternative for the site. However, there is little likelihood of successful approval, the
reduction in land value is very high, and, therefore, zoning and severe land use restrictions are a

relatively costly alternative action. SA-2 is rejected as an applicable alternative for the UPRR site.
3.2.3 Soil Alternative 3 - Limited Action with Institutional Controls

Soil alternative 3 (SA-3) provides source control of the soil OUs by combining the institutional

controls in SA-2 with dust control of affected soils during the dry summer months using irrigation and
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revegetation of the soil OUs. Dust has been identified as a potential exposure pathway for arsenic and
lead, although site particulate monitoring shows that it is not a significant pathway. Ingestion and direct

contact with soil is the more significant pathway and could be limited by revegetation of site soils.

SA-3 would be effective in providing a greater level of protection of human health and the

environment and improved compliance with the site RAOs.

The toxicity and mobility of the site contaminants would be partially reduced by dust control and
revegetation processes. There would not be a major reduction in volume of contaminants except for the

biodegradation of the shallow soil TPH enhanced by the irrigated soil-plant system.

The irrigation of the site could be readily implemented with agricultural technology using potable,
reclaimed, or untreated groundwater. Administrative approval is likely for a short-term interim remedial

measure but acceptance by the state or community is not likely in the long term.

The cost of revegetation and summer irrigation of the soil OUs is estimated at $5,000/acre to
establish vegetation and $1,000/acre per year to continue irrigation. This alternative would potentially
have relatively high "hidden costs" in that it could signiﬁcahtly reduce the value of the land for future

development.
SA-3 is applicable for the site but screened out for detailed analysis because of low ranking.
3.2.4 Soil Alternative 4 - Containment with Institutional Controls

Soil alternative 4 (SA-4) would combine the institutional and source controls in SA-3 with a cap
over soil with concentrations of target chemicals which exceed the RAOs. In addition to periodic soil
and groundwater monitoring, periodic inspections of the cap integrity would be required. The cap could
consist of an asphalt or concrete cover over soil hot spots and a soil cover over the remaining soils with

concentrations of chemicals which exceed the RAOs.
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SA-4 would provide short-term protection of human health and the environment and would meet
site RAOs, however, the integrity of the cap could be damaged and not provide long-term protection.
The toxicity and mobility of As, Pb and TPH would be reduced by controlling the exposure pathways.
The volume of soil contaminants would not be reduced except for limited natural biodegradation of TPH
by soil bacteria beneath the covers. Overall, this alternative does not meet the federal and state goals for

reducing the volume of As and Pb contaminants.

Implementing a range of suitable cbvgrs for various soil types and contaminants is technically
feasible, however, the integrity of the cover materials deteriorates over time depending on the design life
and cost level of construction. Administrative approval for the use of caps for the long term would
require land use limitations or zoning restrictions on the soil OUs and would not allow unrestricted land
use. However, the use of caps could be more readily approved as a short- to medium-term solution for

the site remediation.

The costs of constructing natural soil and vegetative covers and artificial covers could be on the
order of $10,000/acre to $100,000/acre, respectively. If there is no contaminant source reduction and
the capping alternative is only considered to be a short- to medium-term or temporary solution, then the

investment is a relatively high cost.

SA-4 offers significant advantages for site remediation and is therefore accepted for detailed

analysis.
3.2.5 Soil Alternative 5 - Limited Excavation and On-site Treatment with Institutional Controls

Soil alternative 5 (SA-5) would combine the excavation of hot spot areas for As, Pb and TPH and
on-site treatment by soil washing (As, Pb) and bioremediation (TPH). Surface soils with As, Pb and TPH
concentrations above the RAOs but less than the hot spot levels would be remediated by a combination
of soil treatment, capping, and dust control depending on concentrations and contaminant type. Periodic
monitoring of soil, groundwater, and cap integrity would be required to detect the migration of target

chemicals.
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SA-5 would be effective in protecting human health and the environment and in meeting the
RAOQs. The toxicity, mobility and volume of the majority of contaminated soils wdul/d be reduced. There
are readily implementable technologies which can be designed after the completion of site-specific

treatability studies.

Approval for this alternative is likely because SA-5 meets the evaluation criteria and does not

provide significant restrictions on future land use.

Costs for this alternative are roughly estimated at $100-200/ton. The direct cost of implementing
this long-term alternative will be significantly higher than the preceding alternatives which relied on land
use limitations, capping, and site access restrictions, to meet the protection of human health and the
environment as well as meeting the site RAOs. However, this factor is significantly mitigated by less

severe limitations on future uses of the land.

SA-5 provides a suitable alternative for site remediation and is accepted for detailed analysis.

3.2.6 Soil Alternative 6 - Limited Excavation and Off-Site Disposal with Institutional Controls

Soil alternative 6 (SA-6) would excavate As, Pb and TPH hot spots and transport these soils off-
site to an approved landfill facility for disposal. Capping and dust control would be implemented for
other soils above the RAOs. Periodic monitoring of soil, groundwater, and cap integrity would be

required to detect potential migration of target chemicals.

SA-6 would provide protection of human health and the environment and comply with site
ARARs. The mobility and volume of the majority of soil contaminants would be significantly reduced
at the site. However, off-site landfill disposal does not meet federal and state goals for reducing toxicity

and volume of contaminants. Therefore, administrative feasibility must be lower for this alternative.

Costs for this alternative are roughly estimated at $200-400/ton depending on distance to a
permitted facility, taxes, and the potential future liabilities related to possible identification as a

responsible party to any future landfill disposal site cleanup.
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SA-6 has been rejected for future detailed analysis on the basis of implementability and cost.

3.2.7 Soil Alternative 7 - Limited Excavation and Off-Site Treatment and -Disposal

This soil alternative (SA-7) is similar to SA-6 except the excavated soil would be transported to

an off-site treatment facility before final disposal.

SA-7 offers similar protection to human health and the environment and complies with site

ARARs. There would be significant reduction in toxicity, mobility, and volume of soil contaminants.

The availability of off-site treatment facilities is limited. There are, however, acceptable and
implementable technologies. Administrative feasibility for off-site treatment would be rated higher than

off-site disposal without treatment.

The costs of off-site treatment and disposal are expected to be very high because of the limited
number of existing treatment facilities. It is estimated that off-site treatment and disposal may cost on:
the order of $500-600/ton depending on distance to the treatment facility, taxes, treatment costs, and final

disposal costs for the treated soil.

On this basis, SA-7 is considered to be an applicable alternative for the site but screened out for

further detailed analysis on the basis of implementability and cost.
3.2.8 Soil Alternative 8 - In Situ Treatment with Institutional Controls

Soil alternative 8 (SA-8) would focus on in situ treatment of hot spots rather than excavation.
Bioremediation would be used for TPH-affected soils and in situ stabilization techniques for As and Pb.
Capping and dust control of other soils above the RAOs would be required during in situ treatment of

hot spots. Periodic soil, groundwater, and cap integrity monitoring would be required.

SA-8 would offer increased protection of human health and the environment and meet the site

RAOs by limiting dust generation caused by excavation, and the noise of construction activities.
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However, the bioremediation would require a longer period of time to reduce the contaminant levels than
excavation. The toxicity and mobility of As, Pb and TPH would be significantly reduced by in situ
treatment. The volume of TPH would be reduced by biodegradation. The As and Pb would remain in
the soil in a fixed or immobile form, which is relatively more stable against weathering, leaching, or

erosion and transport.

There are implementable techniques for in situ soil treatment and receiving regulatory approval

is likely for a well-planned, designed, and operated system.

The costs of in situ treatment should be less than excavation alternatives because of the lower
capital, operational, and maintenance requirements. It is estimated that costs would be $100-200/ton,

depending on the contaminant concentration.
SA-8 is retained for detailed analysis.
3.2.9 Soil Alternative 9 - Full Treatment

Soil alternative 9 (SA-9) would combine representative process options and remedial technologies
from SA-5 (excavation and on-site treatment) and SA-8 (in situ treatment) to excavate and treat all soil
containing concentrations of target chemicals above the RAOs. Reliance on dust control or capping to

achieve protection of human health and the environment would be unnecessary.

SA-9 would reduce the toxicity, mobility and volume of soil contaminants to insignificant levels.
The volume of excavated soils would be approximately five times greater than the limited excavation and

treatment alternatives. Therefore, the time required for implementing and completing this alternative

~ would be greater than other alternatives. The technologies are available but may require scaling-up to

meet the estimated volumes of soil exceeding the RAOs. Approval of a full excavation-and treatment
alternative would be likely except for consideration of the time (approximately 5 years) and disruption

caused by a large-scale excavation and treatment operation on the adjacent community.
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The costs for this alternative will be the highest of all alternatives retained for consideration

because the volume of affected soil is approximately five times greater. It is estimated that costs would

- run from $100-150/ton for this alternative.

SA-9 is retained for further detailed analysis in Section 4.0.

3.2.10 Soil Alternatives Retained for Detailed Analysis

Table 11 summarizes the alternatives remaining after screening of soil remediation alternatives

for the soil OUs. The soil alternatives which remain following screening are:

L SA-1 - No Action

o SA-4 - Containment with Institutional Controls
o - SA-5 - Limited Excavation and On-Site Treatment with Institutional Controls
o - SA-8 - In Situ Treatment with Institutional Controls

® - SA-9 - Full Treatment
3.3 DEVELOPMENT OF GROUNDWATER ALTERNATIVES

Groundwater remedial alternatives have been developed which cover a full range of actions and
accompanying implications with regards to response and possible consequences. We have examined no
action, institutional controls, actions which would reduce or eliminate migration, control of potential -
exposure pathways, contaminant source reduction and removal, and alternatives which would require

restricted future groundwater use as well as those which would allow essentially unrestricted uses.
3.3.1 Introduction

A total of six alternatives were developed from the initial screening of remedial technologies,
process options, and the retained alternatives, and are presented in Table 12. These alternatives are based

on the current understanding of the site hydrogeology, extent of known groundwater contamination, and
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groundwater modeling. As additional groundwater data become available, the groundwater portion of
this FS may be modified.

The groundwater OUs were described in Section 2.3 as follows:

G1 - On- and off-site plumes containing chlorinated solvents and aromatic hydrocarbons;
and

G2 - On-site plume containing low levels of chlorinated solvents and metals.

- The boundary of the groundwater OUs is defined by the groundwater RAOs, which are the state

maximum contaminant levels (MCLs) for drinking water, state recommended action levels for drinking

water, or levels significantly above background, as appropriate.

3.3.2 Identification of Groundwater Alternatives

The six alternatives developed for groundwater media are described below:

Alternative 1:

Alternative 2:

Alternative.3:

Alternative 4:

Alternative 5:

UPSAC_RI001

No Action - This alternative only includes periodic groundWater monitoring. This
alternative is included primarily for comparison purposes, as required by the NCP.

Limited Action - The limited action alternative for groundwater restricts access to the
aquifer by limiting drilling through permit restrictions. Since the plume is located in an
area serviced by the city water supply, (from treated surface water) public access to the
aquifer is expected to be minimal. Periodic groundwater monitoring is included.

Hydraulic Containment - This alternative uses hydraulic containment to prevent
movement of the plume. Extraction and injection wells are used to construct the
hydraulic barriers necessary for hydraulic containment. Access to the aquifer is restricted
and groundwater is monitored.

Extract and Discharge - This alternative restricts use of the aquifer, extracts impacted
groundwater, provides pretreatment, if necessary, and directly discharges the extracted
groundwater to the public owned treatment works (POTW). Management of sludge
residuals will be achieved by off-site disposal or thermal destruction.

Extract/Treat and Reclaim - This alternative includes a groundwater extraction,
pretreatment, polishing treatment for the effluent and discharge for reclamation use.
Extraction wells would be placed for optimum containment and/or capture of the plume.
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Alternative 6:

Pretreatment would reduce suspended solids by filtration and adjust pH as necessary.
Management of sludge residuals would be achieved by off-site disposal or thermal
destruction. Following pretreatment, effluent polishing with UV/oxidation, air stripping,
Granular Activated Carbon (GAC), or any combination of the above, would be used to
reduce contaminants to discharge standards. Discharge would be for on-site reclamation
use such as dust control, irrigation, or used for soil washing in soil remediation.
Discharge could also potentially be used for off-site reclamation, for example, irrigation
of local parks. If GAC is the selected treatment option, the spent carbon would be -
transported off-site and regenerated.

In Situ Bioremediation - This alternative uses in situ bioremediation in conjunction with
pretreatment and polish techniques to treat groundwater to achieve RAOs. Nutrients
and/or bacteria are introduced to enhance the breakdown of the contaminants of interest.
The injection wells are used in conjunction with extraction wells to circulate the nutrlents
and create a hydraulic boundary to contain the plume.

These alternatives are screened in Section 3.4 in terms of their suitability for the remediation of

each of the groundwater OUs. Specifically, the screening of the applicable alternatives is performed on

the basis of effectiveness, implementability, and cost.

3.4 SCREENING OF GROUNDWATER ALTERNATIVES

Each of the six identified alternatives are analyzed in terms of effectiveness, implementability,

and cost for remediating groundwater in the two groundwater OUs, namely:

G1 - On- and off-site plumes containing chlorinated solvents and aromatic hydrocarbons;
and

G2 - On-site plume containing low levels of chlorinated solvents and metals.

The screening criteria include the following factors:

Effectiveness
- Protec;ion of human health and the environment.
- Compliance with the ARARs.

- Reduction in toxicity, mobility, and volume.
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° Implementability
- Technical feasibility.
- Availability of technology and expertise.

- Administrative approval.

] Cost - Rough-order-of-magnitude or relative estimate of costs.

3.4.1 Groundwater Alternative 1 - No Action

Groundwater Alternative | (GA-1) would only monitor the groundwater aquifer. Analysis of this
alternative is included as a baseline only. The alternative is not effective in protecting the environment,
and would not meet the site RAOs, or reduce the toxicity, mobility, or volume of the groundwater

contaminants.

The no action alternative is technically feasible but may not be administratively feasible since it

is unlikely to receive regulatory or community approval.

There would be no costs associated with the no action alternative, other than ongoing monitoring.

GA-1 is retained as a baseline alternative.

3.4.2 Groundwater Alternative 2 - Limited Action

Groundwater Alternative 2 (GA-2) would provide deed restrictions and zoning constraints on
future use of the contaminated aquifer. The limited action alternative includes groundwater monitoring.

The limited action alternative would provide short-term protection by denying access to groundwater,

however, this alternative would not reduce the toxicity, mobility, or volume of groundwater contaminants.

Monitoring would be effective in determining changes in concentrations in the aquifer.
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The limited action alternative could be difficult to implement because aquifer use restrictions may
not be acceptable to the state, local authorities, or the community for off-site contamination. It may be

feasible for on-site contamination.

The limited action alternative for the on-site plume has a low cost. However, the off-site plume

monitoring and aquifer use restrictions may require more complex and costly compliance requirements.

The likelihood of successful approval of this alternative for the off-site plume is uncertain but
could be obtained during the FS review period. There is more likelihood of approval for this alternative

for the on-site groundwater OU G2. Therefore, GA-2 is retained as an applicable alternative for the site.

3.4.3 Groundwater Alternative 3 - Hydraulic Containment

Hydraulic containment provides source control by interception of on-site contamination using
extraction and injection wells. The hydraulic containment alternative includes groundwater monitoring,
zoning, deed, and aquifer access restrictions. This alternative would not meet the RAOs, nor reduce the

toxicity, but would potentially reduce the mobility of contamination.

This alternative could be effective in protecting human health and the environment by controlling
the extent of the plume and allowing the contaminant concentrations to reduce by natural degradation.

This alternative may not be effective for a spatially extensive contaminant.

The hydraulic containment alternative is technically feasible based on the current understanding
of site hydrogeology and extent of on-site contamination, but will probably not be feasible off-site from

both technical and administrative viewpoints.

The costs associated with hydraulic containment and monitoring are moderate to high for the on-

site plume and rank high for the off-site plume.
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The likelihood of successtully implementing this alternative for the off-site and on-site
groundwater OU G1 is not high, although there is a likelihood that this alternative could be used for the

on-site groundwater OU G2. Therefore, GA-3 is retained as an applicable alternative for the site.

3.4.4 Groundwater Alternative 4 - Extract, Pretreat, and Discharge

Groundwater Alternative 4 (GA-4) provides removal of contaminated groundwater with
pretreatment and disposal to a POTW. This alternative would provide short-term and long-term
protection to human heaith and the environment. GA-4 would reduce toxicity, mobility, and volume by
using reliable technologies. The effectiveness of these technologies to achieve the RAOs could be verified
by performing treatability tests during the development of the Remedial Action Plan if this alternative is

selected for site remediation.

Further evaluation of the technical feasibility based on effluent discharge requirements will be
needed. Implementation of this alternative will require that a discharge permit be obtained from the
appropriate agencies. Allowable contaminant levels and flow rates of discharge to a POTW need to be
determined during the permit process. The administrative feasibility of this alternative will not be finally

known until permit applications are reviewed and decided upon by the agencies.

This alternative has a moderate cost. The discharge to the POTW would require fees for permit
application, connection, treatment, usage, and piping to the discharge point. The pretreatment system
would have a moderate capital cost. Extraction and monitoring costs would also be part of the cost for
implementing this alternative. Pilot and laboratory scale treatability tests for this alternative prior to
remedial design would also be a significant cost contributor. GA-4 is retained as an applicable alternative

for the site.

3.4.5 Groundwater Alternative 5 - Extract, Treat, and Reclaim

Alternative GA-5 would remove and treat contaminated groundwater from the aquifer, then use

the treated water for a variety of reclamation uses. This alternative would provide short-term and long-
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term protection to human health and the environment and reduce toxicity, mobility, and volume of

contaminants.

GA-5 is technically and administratively feasible although the implementability of installation of
off-site extraction wells is not known at this time. Reclamation of treated water is technically feasible.
It can be used on-site as dust control or wash water for the soil remediation process. Use of reclaimed

water for irrigation and dust control would require special permits and a water balance evaluation.

This alternative would be high in cost. The major cost for these alternatives would be the capital
and operating cost of the treatment system. The pilot and laboratory scale treatability tests for this
alternative prior to remedial design would also be a significant cost contributor. GA-5 has been retained

as an applicable alternative for the site.
3.4.6 Groundwater Alternative 6 - In Situ Bioremediation

Groundwater Alternative, GA-6 would provide reduction of groundwater contamination through

biological activity.

In situ bioremediation is an innovative technology and its effectiveness would have to be
demonstrated by a laboratory treatability pilot scale test if this alternative is selected for site remediation.

This testing would take one to two years.

Environmental impacts of this alternative would have to be further evaluated as to the effect of
injecting nutrients and an oxygen source into the aquifer. This alternative could potentially be effective
in reducing toxicity, mobility, and volume of contamination. This alternative could be administratively

feasible.

This alternative would be high in cost. The major cost for these alternatives would be the capital
and operating cost of the treatment system. The pilot and laboratory scale treatability of these alternatives
prior to remedial design is also a significant cost contributor. GA-6 is retained as an applicable

alternative for the site.
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3.4.7 Selection of Final Groundwater Alternatives

The following groundwater alternatives have been screened for detailed analysis and retained for

evaluation in Section 4.0:

Ret_ained Alternatives_for Operable Unit G1

G1-A2 - Limited Action - Monitoring, Deed/Zoning Restrictions
G1-A4 - Extraction/Pretreatment/Discharge to POTW -

G1-AS - Extract/Treat/Reclaim

G1-A6 - In Situ Bioremediation

Retained Alternatives for Operable Unit G2

L] G2-A2 - Limited Action - Monitoring/Deed/Zoning Restrictions

° G2-A3 - Hydraulic Containment/Monitoring
UPSAC_RI.001 -
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4.0 DETAILED ANALYSIS OF ALTERNATIVES

This section presents detailed analysis of the previously screened soil and groundwater alternatives

for the UPRR-Sacramento site.
Each of these alternatives is evaluated in the following sections against nine criteria, namely:

® Overall protection of human health and the environment;

o Compliance with ARARs, or more appropriately for soils, the RAOs;

Long-term effectiveness;

o Reduction of mobility, toxicity, and volume;
Short-term effectiveness;

Implementability;

Cost;

State acceptance; and

Community acceptance.
4.1 DETAILED ANALYSIS OF SOIL ALTERNATIVES

A range of alternatives have been carried through for detailed analysis including the no action
alternative; three alternatives requiring some level of institutional controls to manage residual
contamination at the site; and one alternative which would leave negligible residual contamination at the
site. All alternatives, except the no action alternative, have been screened and selected for their potential
to protect human health and the environment and to reduce risk from the presence of As, Pb, and TPH
to acceptable levels. As discussed in' Section 3.0, soil OU S3 is the predominant soil OU, and as such,

the following discussion of alternatives addresses the three OUs through consideration of S3.
The soil alternatives which have been carried through for detailed analysis are as follows:

® - SA-1- No Action

® SA-4 - Containment with Institutional Controls
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o SA-S - Limited Excavation and On-Site Treatment with Institutional Controls
o SA-8 - In Situ Treatment with Institutional Controls

® SA-9 - Full Treatment

The primary components of each selected soil alternative are shown in Table 11. The detailed

costs for these soil alternatives are based on a five year implementation schedule.

4.1.1 SOIL ALTERNATIVE SA-1

No Action

This Soil Alternative (SA-1) would leave the site in its present condition. No remedial activities

would be undertaken and there would be no institutional controls such as land use limitations, access

restrictions, or monitoring of soil and groundwater to detect potential migration of contaminants. This
is the situation which was assessed in the baseline health risk assessment. This alternative is included
as a recommendation of the NCP and as a baseline upon which to judge the effectiveness and cost of other

remedial alternatives.

4.1.1.1 Qverall Protection of Human Health and the Environment (SA-1)

SA-1 would provide no control over dust migration, or the potential for leaching to the
groundwater, or ingestion of soil particles or direct contact with the skin. There would be no land use
restrictions or access restrictions such as are currently in place. As such, the no action alternative
provides no protection to human health or control of exposure pathways and tpe migration of

contaminants in the environment.

4.1.1.2 Compliance with ARARs (SA-1)

Because there is no action, SA-1 would not meet with any sfte ARARs or the RAOs, with the
possible exception of the natural biodegradation of TPH to the 1,000 ppm level over a long period of

time.
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4.1.1.3 Long-Term Effectiveness (SA-1)

The no action alternative would not be effective in the long-term in meeting the RAOs.

4.1.1.4 Reduction in Mobility, Toxicity and Volume (SA-1)

Levels of As and Pb would not be significantly reduced in mobility or toxicity under the no action
alternative. There would be continuing movement of soil particles containing As and Pb by wind and
water erosion. However, a reduction in overall mobility and toxicity would arise from the leaching of
As and Pb below 1-2 feet in the soil when these chemicals reached the low permeability iron hydroxide
layer. There would be no reduction in the volume of As and Pb at the site except for that lost by wind

and water erosion.

TPH would not be immobilized by the no action alternative and there would be the potential for
transport of TPH through the vadose zone to groundwater during periods of high rainfall and percolation.
There would be some reduction in toxicity and volume due to natural rates of biodegradation. However,
this process is expected to be relatively insignificant without enhancement by nutrients and oxygen to

increase bacterial breakdown of TPH.

4.1.1.5 Short-Term Effectiveness (SA-1)

There would be no additional risks posed to the community or the adjacent workforce or the

environment from the no action alternative over that stated in the baseline health risk assessment.

4.1.1.6 Implementability (SA-1)

There are no implementability concerns because there is no action.
4.1.1.7 Cost (SA-1)

There are no costs as§ociated with the no action alternative (T able 15).
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4.1.1.8 State Acceptance (SA-1)

The level of state acceptance for this alternative will be evaluated during the FS review period.

4.1.1.9 Community Acceptance (SA-1)

Community acceptance of this alternative will be obtained during the FS review period and public

meetings to discuss the Draft RI/FS.
4.1.2 SOIL ALTERNATIVE SA4

Land Use Limitations

Access Restrictions

Periodic Soil and Groundwater Monitoring
Irrigation and Revegetation to Control Dust

Capping with Vegetative and Artificial Covers

) SA-4 would provide containment of soils above RAOs with institutional controls further limiting
the exposure and migration pathways. Fencing, signs and possible site security would be maintained to
restrict public access during the remedial activities but site access restrictions would not apply after the
establishment of suitable covers. Land use limitations such as zoning and deed restrictions would alert
future land owners and occupants to the presence. of soil which could exceed health risk levels under

certain circumstances and control site activities such. as excavation.

Irrigation and revegetation would be used to control dust and establish vegetation on suitable
soils. An artificial cover of concrete would be constructed to contain "hot spots” exceeding the threshold
limits (As - 100 mg/kg, Pb-1,000 mg/kg, TPH-1,000 mg/kg). A soil and vegetative cover would then
be placed over remaining soils exceeding the RAOs. The vegetative cover would be mowed and mulched
onto the surface twice each winter growing season for five years to establish a summer dust control mulch

layer.
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These covers would be designed to limit infiltration of water beyond the root zone or impermeable
artificial cap, prevent intrusion into the hot spot zones, and would require minimal maintenance and
periodic inspection. Because the soil contaminants are contained on-site rather than treated or removed,
it would be necessary to institute periodic soil and groundwater monitoring to detect any migration of

contaminants off-site.

4.1.2.1 Qverall Protection of Human Health and the Environment (SA-4)

The vegetative and artificial covers would be engineered to provide overall protection of human
health and the enviromhent by controlling exposure pathways and limiting public access to the site during
remedial activities. Access to the site could be uncontrolied after construction of the covers. However, "
any future land use activities requiring disturbance of the cap, such as excavation, would be controlled

by land use limitations and deed notices.

4.1.2.2 Compliance with ARARs (SA-4)

i

"There are no ARARs for soil for As, Pb, and TPH, however, the containment and institutional

controls alternative is likely to attain RAOs through proper engineering design and deed restrictions.

4.1.2.3 Long-Term Effectiveness (SA-4)

This alternative would be effective in the long-term if the land use limitations and access
restrictions are adhered to and the integrity of the vegetative and artificial covers is maintained through
periodic inspection and maintenance, as are necessary for any similar measures, regardless of level or
presence of contaminants. There would need to be an acceptance of the costs and responsibility for
maintaining the covers by the current or future land owners or occupants through the transfer of title,

condition of occupancy, or by transfer to the City and/or County.

The certainty of ongoing maintenance would decline with time. This may be addressed through
routine regulatory review of cover integrity and performance every five years in order to provide adequate

protection of human health and the environment.
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4.1.2.4 Reduction of Mobility, Toxicity, and Volume (SA-4
SA-4 would provide significant reduction in the mobility and toxicity of As, Pb and TPH by
controlling the exposure pathway to air, groundwater, soil ingestion, and skin contact. The contaminants
would remain on-site, and except for the natural biodegradation of TPH, there would be no significant

reduction in the volume of contaminants.

4.1.2.5 Short-Term Effectiveness (SA-4)

The construction of vegetative and artificial covers would require site preparation involving
grading and earthworks. Subsequent dust generation would need to be controlled to avoid exposure and
the potential for slight increase in health risk for the community and site workers. The covers could be
constructed during a six-month construction period from May to October to avoid most rainfall

interruptions to the construction schedule.

4.1.2.6 Implementability (SA-4)

There are no special materials requirements for constructing the caps and all necessary materials
would be sourced locally. It is likely that the site would provide some suitable soil cover materials
although this would increase the overall disturbed area requiring dust control and revegetation. A grading

permit would be required from local agencies, and it could be necessary to import soils to the site.

The actual soil volume required to cover the estimated 24.0 acres of soil OUs above the RAOs
to a depth of 0.5 feet is estimated to be approximately 21,500 cubic yards.

The area of hot spots requiring a concrete or asphalt cover is estimated to be 10,000 square yards.

4.1.2.7 Cost (SA-4)

Costs are presented in Table 16.
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The net present cost of this alternative is estimated to be $3,066,000 with a capital cost of
$2,954,000 and an operations and maintenance cost of $26,000 per annum in 1990 costs for initial
summer irrigation, mowing and mulching for five subsequent years, cover inspections, and monitoring

of soil and groundwater.

4.1.2.8 State Acceptance (SA-4)

The level of state acceptance of this alternative will be evaluated during the FS review period and
discussed in the final RI/FS.

4.1.2.9 Community Acceptance (SA-4)

The community opinion and-acceptance of this alternative can be determined during the FS review

period and through public meetings to discuss the Draft RI/FS and reported in the final RI/FS.

4.1.3 SOIL ALTERNATIVE (SA-5)

Excavation of Hot Spot Areas

Soil Washing

Bioremediation

Chemical Fixation

Capping with Vegetative and Artificial Covers
Dust Control

Periodic Monitoring and Cap Inspections

SA-5 would provide excavation of soil hot spots exceeding 100 mg/kg As, 1,000 mg/kg Pb, and
1,000 mg/kg TPH. Excavated soils would be treated by either soil washing and/or chemical fixation and
bioremediation. The soil washing solution would be developed through treatability studies, but it is likely

to be a cation and anion exchange solution capable of exchanging As and Pb from the soil matrix.
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Because the soil OU S3 containing As, Pb, and TPH occupies the majority of the site hot spots,

it would probably be necessary to treat hot spot soils through a two-stage process.

The most proven and effective soil washing process is a heap leach system. This system would
be constructed on a high density polyethylene (HDPE) liner to enhance bioremediation of stockpiled soils
followed by soil washing when TPH is present at concentrations of 1,000 mg/kg or greater. The heap
leach system would be designed as a waste management unit in accordance with Subchapter 15 of Title
23 of the California Code of Regulations (CCR). The leachate would pass through the on-site water
treatment system, including an oil/water separator to separate TPH followed by a floc tank or similar

process to precipitate out the insoluble fraction containing As and Pb and other dissolved metals.

The cleaned soils would be returned to the excavated holes. Treated leachate would be recycled
through the soil washing unit for a number of cycles until no further treatment is required. The treated
water could be used for irrigation, dust control, or discharged to a POTW. The floc and fines would be
dewatered and stabilized with either quick lime or pozzolan to form a stable waste, evaluated as to

appropriate disposal method, and disposed either off-site or on-site.

Other soils containing As above RAOs which exceed the RAOs but which are not above hot spots
criteria, would be treated with an application of ferrous sulphate to immobilize arsenic as ferric arsenate
(Sims, et. al., 1986). Soils containing Pb above RAOs would be treated with lime to pH 6.5 to 7.0 to

immobilize Pb. A 0.5-foot cover of soil and suitable vegetation would be established to control the:

" exposure pathways.

Periodic monitoring of soil, groundwater, and cover integrity would be required.

4.1.3.1 OQOverall Protection of Human Health and the Environment (SA-S).

SA-5 will provide overall protection of human health by reducing the source volumes through
excavation and treatment of hot spot soils. This process also reduces the residual contaminants to be

managed on the site and limits the migration potential of contaminants through the environment. The

UPSAC_RL001
DAMES & MOORE 53



potential risk from accidental excavation leading to skin contact, inhalation, and ingestion will be greatly

reduced or eliminated through the excavation, treatment, and containment processes proposed in SA-5.

4.1.3.2 Compliance with ARARs (SA-5),

-

There are no ARARs for As, Pb, and TPH in soil, so SA-5 was evaluated against the site RAOs.

Soil washing of hot spots should remove over 90 percent of the As and Pb in the soil (Lauch, et.
al., 1989). The actual amount will be determined by treatability studies if this technology is considered
acceptable by the state and the community. The As and Pb are likely to be concentrated within the fines
(silt and clay fraction) and the iron hydroxide coatings on the sand and gravel which would be removed

by selective screening and washing of the fraction less than 2 millimeters diameter.

-/ - ﬁ‘ -\
>

A 90 percent reduction in As and Pb would bring the majority of hot spot soils into compliance
with the RAOs. The residual soils which exceed the RAOs would be stabilized with ferrous sulphate and

quick lime to immobilize the As and Pb in the clean backfilled soils.

Bioremediation of hot spot areas which have elevated levels of TPH, and in some cases,
polyaromatic hydrocarbons (PAHs) would result in a soil with a residual level less than 1,000 mg/kg of
TPH.

4133 Long-Term. Effectiveness (SA-5).

M

Chemical fixation of surface soils with As and Pb above the RAOs but less than the hot spots

would provide long-term protection. Ferrous sﬁlphate in a 1:1 ratio with soil arsenic can be used for this

purpose (Sims, et. al., 1986). Alum, lime and organic matter such as straw incorporated into soil will
also immobilize As.

i

A vegetative cap would reduce dust and provide an exposure pathway barrier. Together with the

K X - Z
2 !
/

hot spot excavation and treatment, these processes would provide long-term effectiveness by reducing

residual contaminant concentrations and consequently the concern over potential leaching and migration.

]
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Periodic monitoring of soil, groundwater, and cap integrity would be required to assess the

adequacy of residuals management and any maintenance requirements.

4.1.3.4 Reduction of Mobility, Toxicity‘, or Volume (SA-5).

SA-5 would result in a significant reduction in mobility of TPH in soils through bioremediation
and As and Pb in soils through chemical fixation. The toxicity of As, Pb, and TPH would be reduced
by all the SA-S treatment processes and stabilization of As and Pb sludge following soil washing.
Bioremediation of TPH would reduce the overall volume of TPH by biodegradation. The volume of As
and Pb stabilized from the soil washing sludge would be reduced if the stabilized sludge is removed for
off-site disposal.

Capping of non-hot spot areas in excess of RAOs would reduce the toxicity and mobility of As,

Pb, and TPH and also reduce the risk to acceptable levels.

4.1.3.5/ Short-Term Effectiveness (SA-5).

The excavation and treatment of hot spots in the SA-5 alternative would potentially produce a

short-term increase in health risk for the site workers and local community. These potential short-term

 risks would exist during the life of the clean-up operations. Protective measures are readily available and

implementable through temporary covers, dust control, site access restrictions, and routine worker health

and safety measures.

4.1.3.6 Implementability (SA-S).

SA-5 process options are readily available and reliable technologies. The excavation of soil hot
spots would require on-site chemical testing of soils to establish the boundaries and volumes of soils for
excavation and treatment. This would require some time lag between excavation and treatment which
could require short-term stockpiling. Stockpiles may also be treated in a two-stage process of

bioremediation.
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The cover materials and equipment are readily available through local vendors.

4.1.3.7 Cost (SA-5)

Costs are presented in Table 17. The costs are based on 30,000 cubic yards of excavated soil,

with 25,000 cubic yards treated by bioremediation, and the same amount for soil washing.

The net present cost of this alternative is estimated to be $9,180,000 with a capital cost of
$5,110,000 and an operations and maintenance cost of $908,000 per annum for operating the heap leach

and bioremediation facility for five years, dust control, summer irrigation, and monitoring.

4.1.3.8 State Acceptance (SA-5)

The level of state acceptance for this alternative and its remedial components will be ascertained

during the FS review period.
4.1.3.9 Community Acceptance (SA-5

The community attitude and acceptance of this remedial approach will be evaluated during the FS

review period and at public meetings.
4.1.4 SOIL ALTERNATIVE SA-§

In Situ Bioremediation of TPH
In Situ Stabilization of As and Pb
Chemical Fixation
Vegetative Cover

~ Dust Control

Periodic Soil and Groundwater Monitoring

UPSAC_RI.001 :
DAMES & MOORE 61



/-

- em wm) sm

Y

L~ _ ‘
Ie
! E . 1
- 4 NS

SA-8 focuses on a remedial alternative which would provide less site disturbance by treating hot

spot soils with in situ processes rather than excavating large volumes of soil for on-site treatment.

TPH hot spots will be treated for TPH reduction by in situ bioremediation. A nutrient solution
and oxygen-source would be injected into the TPH-rich soils to enhance the natural population of
biodegrading microbes. The time required to reduce TPH below 1,000 ppm will depend upon source
concentrations. Bench scale treatability studies would be undertaken to determine biodegradation rates,
nutrient requirements, and residual levels if this process option is accepted for site remediation. Areas
outside the hot spots which have elevated TPH would be bioremediated by the increased biological

activity in the irrigated soil-plant system in the vegetative cover.

Soil OU S2 hot spots which contain As and Pb without TPH would be stabilized in situ by using
a rotary auger to incorporate lime into Pb-rich areas and ferrous sulphate into As-rich areas to immobilize
these chemicals. These hot spots are mainly in the fill soils which are expected to have a density and
texture suitable for soil mixing to eight to ten feet deep. Less perfneable soils would have a layer of lime
and/or ferrous sulphate incorporated into the top one foot of soil to immobilize Pb and As. A cap of
vegetative cover, cement, or asphalt would be constructed over these S2 hot spot areas, depending on the

results of treatability tests and the risk assessment calculations for the residual contaminants.

Non-hot spot S2 soils above the RAOs would be chemically fixed to a depth of 0.5 feet with lime
and/or ferrous sulphate to stabilize Pb and As and then capped with a soil and vegetative cover to control

potential surface migration.

A two-stage treatment process would be required to reduce the S3 As, Pb, and TPH levels. The
bioremediation of TPH would need to be undertaken first because the permeability of the soil needs to
be maintained in order to inject the nutrient and oxygen sources to enhance bacterial growth and
biodegradation. When TPH levels have been reduced below 1,000 mg/kg the hot spot area could then
be worked with a rotary auger to incorporate lime and ferrous sulphate to immobilize the Pb and As
respectively. This method would have the probable added effect of further reducing TPH concentrations.

The existing permeability and density of the fill soils would allow this stabilizing material to enter and

" lower the permeability of the zone as a means of reducing leachate generation.
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Dust control and periodic soil, groundwater, and cap monitoring would be performed during the
in situ treatment period which could last several (approximately two to five) years for the TPH hot spots

depending on the rate of biodegradation.

4.1.4.1 Overall Protection of Human Heaith and the Environment (SA-8)

In situ treatment would reduce the risk of human contact through inhalation and direct skin
contact by limiting the dust generafion and exposed soils that would result from excavation. Properly
engineered in situ treatments would prevent the mobilization of contaminants through either the air, soil,
or groundwater pathways. There would be less site disturbance and noise resulting from the remedial

operations and therefore less impacts on the environment.

4.1.4.2 Compliance with ARARs (SA-8)

There are no soil ARARs relevant to this alternative. The RAOs would be met by biodegradation
of TPH to the 1,000 mg/kg level. Residual As and Pb would be immobilized rather than removed or
reduced in volume or to a concentration less than the RAOs. Attainment of the RAO:s is, therefore, not
met by stabilization or immobilization techniques. However, treatability tests to establish the

effectiveness of leaching potential for these stabilization and fixation techniques could be undertaken to

evaluate this technology if this is an acceptable alternative for site remediation.

4.1.4.3 Long-Term Effectiveness (SA-8)

The long-term risk for soils containing only residual TPH is marginal because of the degradation
of TPH through in situ bioremediation treatment. On the other hand, the stabilized As and Pb hot spots
would still have a small potential to leach from the stabilized matrix, and would require some

management of the stabilized hot spots and the residual risk.
There are reliable long-term controls through the use of artificial and vegetative caps, land use

limitations and deed notices which alert future land users of the nature of the subsurface materials and
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their associated risks. However, the effectiveness of these controls can decrease with time if maintenance

and management is not continued.

4.1.4.4 Reduction of Mobility, Toxicity, and Volume (SA-8)

In situ treatment of TPH could effectively reduce hot spot concentrations and the mobility,

toxicity, and volume of TPH chemicals in soils containing TPH only.

TPH could also be reduced in the presence of As and Pb with a two-stage treatment process

involving an initial bioremediation. step.

. The mobility and toxicity of As and Pb would be effectively reduced by in situ stabilization and

surface capping although there would be no reduction in the volume of the soil contaminant.

4.1.4.5 Short-Term Effectiveness (SA-8)

SA-8 offers protection of the community and site workers during the remedial activities because
there would be little site disturbance and exposure of contaminated soils. Similarly there would be
negligible environmental impacts from the remedial activities because the in situ treatments can be

controlled to avoid transfer of treatment slurries outside the target hot spot.

The time required to attain the RAOs for TPH would depend upon the rate of biodegradation,
whereas stabilization of the As and Pb hot spots could be achieved over a shorter period of time. It is
esﬁmated that one to two years would be required to treat the hot spots by bioremediation and soil
stabilization. Chemical fixation and vegetative covers for other soils above the RAOs would be

established over a six- month construction schedule.

4.1.4.6 Implementability (SA-8)

The in situ treatments would require bench scale and pilot scale treatability studies to determine

the nutrient requirements for bioremediation and the operating parameters for in situ stabilization. The
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latter technique would require more emphasis on pilot scale trials to determine the suitability of the fill
material as a hydraulically conductive media for the incorporation of a lime and ferrous sulphate mixture.
This stabilization technology is probably less proven than bioremediation for in situ waste applications
although there is available case history in the use.of soil stabilization by lime techniques to modify soil

properties, reduce water flow, and limit contaminant transport.

In situ treatments other than bioremediation may be difficult to implement if there are regulatory
concerns about the effectiveness of contaminant containment or adequacy of controls over soil

stabilization. The technology to undertake the techniques is readily available from drilling vendors.

4.1.4.7 Cost (SA-8)

Cost are presented in Table 18.

The costs of SA-8 are estimated on the basis of 25,000 cubic yards of TPH hot spots requiring
bioremediation and 25,000 yards of As and Pb hot spots requiring in situ stabilization. The total hot spot
volume is approximately 30,000 cubic yards because about 25,000 cubic yards overlaps in the S3 OU

with As, Pb and TPH combined in the same soil volume.

The net present cost of the SA-8 alternative is estimated to be $6,335,000 with a capital cost of
$4,835,000 and an operations and maintenance cost of $340,000 per annum for operation of the
bioremediation system, dust control, summer irrigation, mowing and mulching of the initial vegetative

cover, and periodic monitoring.

4.1.4.8 State Acceptance (SA-8)

The level of state acceptance for this alternative will be determined during the FS review period.
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4.1.4.9 Community Acceptance (SA-8)

The community acceptance of this alternative will be determined during the FS review period and

at public meetings.
4.1.5 SOIL ALTERNATIVE SA-9

Excavation

Soil Washing
Chemical Fixation

In Situ Bioremediation
Ex Situ Bioremediation

Revegetation and Dust Control during treatment

The aim of SA-9 would be to leave negligible residual contaminants in the soil above the RAOs
(As, 8 mg/kg, Pb, 190 mg/kg, and TPH, 1,000 mg/kg). There would be no need for deed restrictions
or periodic monitoring of soil, groundwater or cap integrity. SA-9 would be essentially a zero
maintenance "walk away" alternative. This would be a full treatment alternative which would not rely
on protective caps or natural mechanisms of contaminant degradation and immobilization to achieve
protection of human health and the environment. Because all site soils- above the RAOs would be
effectively excavated and treated, there would be major earthwork and soil processing operation required
to clean the soils to the RAQOs. It is estimated that 116,000 cubic yards excavated from approximately
24 to 26 acres will be required for full treatment. Consequently, the area and duration of disturbance
greatly exceeds other soil remedial alternatives. The expected cleanup for SA-9 could require at least four

to five years to achieve the RAO:s.

The TPH hot spot areas not containing As and Pb would be treated by in situ bioremediation with
nutrients and. an oxygen source introduced to enhance biodegradation. The surface soils would be
mulched with rice straw, alfalfa hay, and nutrients incorporated into the top one foot of soil. The area
would be irrigated to sustain a vigorous grass cover and soil microflora in the root zone to biodegrade

TPH and PAH compounds. The vegetative cover would be mown and mulched several times before each
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winter growing season to encourage root growth and organic matter levels in the top one foot of the root

zone.

As and Pb containing soils would require excavation of the hot spot areas and stockpiling in an
HDPE-lined heap leach system and soil washing with a cation (Pb) and anion (As) exchange solution.
The cleaned soils would be returned to the excavated holes as clean backfill once the limit of the soils
above the RAOs had been reached as confirmed by on-site soil testing. The leachate containing the As
and Pb would be collected on the liner and transferred to a tank where the dissolved and suspended
fraction would be precipitated using a floc of alum, ferric chloride, lime or a similar precipitate to remove
Pb and As.

Treatability studies in the remedial design phase would look at the feasibility and cost of leaching
the As and Pb from the soil matrix by chemical treatment if this SA-9 alternative is accepted. The As
and Pb sludge would require deWateririg and chemical fixation followed by off-site disposal of the sludge
at a RCRA-permitted facility.

The surface 0.5 feet of soils containing As and Pb outside the hot spot areas would also réquire
treatment. The extent of the surface excavation of soils would probably be identified by markers.
Excavation equipment would be controlled and restricted to traffic corridors outside the marked areas to
avoid tracking contaminated soil over clean areas. These soils would then be excavated, cleaned, and
returned to the surface during hot spot excavation. Revegetation would be implemented to establish a \'

stable soil surface.

As, Pb, and TPH containing soils would require either in situ bioremediation of the TPH hot
spots while other site soils were being treated or an ex situ bioremediation facility for stockpiled soils
on the site. This area would need to be controlled to restrict community and worker access and exposure
to the soils because of the levels of TPH, As, and Pb. Following bioremediation of soils to the RAOs
for TPH (1000 mg/kg), the stockpiled soils would be heap leached on the same lined facility. Water
containing the cation-anion exchange solution would probably be an effective leaching fluid for removing
As and Pb in soils because of their distribution on soil fines and iron hydroxides attached to sand and

gravel fractions. However, the As, Pb, and TPH containing soils may also require a surfactant washing
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fluid to remove residual TPH from the soil matrix in order to effectively elute the As and Pb from the
soils. The As and Pb would be concer;trated in the floc tank sludge and may then be further removed
from the dewatered sludge and concentrated in volume by selective extractants to separate any soil fines
from the sludge. The on-site groundwater pretreatment plant, or a special treatment process, would then
be used to clean the wash water for recycling through the soil washing system or for site irrigation to
assist revegetation. These( chemical treatment requirements for As and Pb could be evaluated in
treatability studies by bench scale testing and pilot scale trials if this soil alternative is accepted for site

remediation.

4.1.5.1 Qverall Protection of Human Health and the Environment (SA-9)

SA-9 provides full soil treatment for the soil OUs above the RAOs. Consequently, there should
be no residual levels of contaminants requiring management or monitoring. This alternative should
reduce the future risk of human contact with residual contaminants, limit the migration potential along
exposure pathways, and provide a high level of overall protection for the environment. However, the
SA-9 alternative could cause extensive short-term disturbance and increase risk of eiposure to soil

contaminants during remedial activities.

4.1.5.2 Compliance with ARARs (SA-9)

There are no site or soil-specific ARARs for the As, Pb, and TPH contaminants. Therefore, the

RAOs were used for evaluating compliance.

The full treatment alternative proposes treating all soil OU soils above the RAOs to the required

compliance levels without leaving residual contaminants buried or fixed on-site.

4.1.5.3 Long-Term Effectiveness (SA-9)

SA-9 could provide long-term effectiveness by removing soil contaminants above RAOs.

Therefore, there should be no reliance on long-term management, maintenance, or monitoring
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requirements. Limitations on land use or access restrictions would not be required after remediation was

completed.

4.1.5.4 Reduction of Mobility, Toxicity, and Volume

The full treatment alternative would reduce the toxicity, mobility, and volume of As, Pb, and

TPH contaminants by removal from the site (As, Pb) and biodegradation (TPH).

4.1.5.5 Short-Term Effectiveness (SA-9)

SA-9 would potentially produce an increased risk to the local community and site workers during
remedial activities due to the extensive soil excavation volumes. The increased risk from dust generation
could be reduced by dust control mitigation and restrictions of on-site access during remediation. There
could be an associated noise and traftic disturbance throughoufthe life of the remedial activities because
of the scale of the soil excavation and treatment operations. This impact could be mitigated by limiting
site operations to five-day shifts when the majority of the adjacent community would be at work. It is
expected that this disturbance would continue throughout the anticipated four to five years of the remedial

project.

Dust control and periodic soil, groundwater, and cap monitoring would be required during the
in situ treatment period which could last several years for the TPH hot spots depending on the rate of

biodegradation.

4.1.5.6 Implementability (SA-9)

SA-9 propbses readily available and implementable technology. Treatability studies would be
required to establish the operational parameters but the equipment to operate the treatment processes are
readily available from vendors. The treatment technologies should be reliable and there should be no
difficulties in monitoring the effectiveness of contaminant removal. Approvals for off-site disposal of the

fixed sludge from the soil washing operation would be required because an on-site disposal facility may
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be difficult to permif due to the high As and Pb concentrations and an on-site disposal facility would

require significant land use limitations and access restrictions.

4.1.5.7 Cost (SA-9)
A detailed cost estimate is presented in Table 19.

The volume of soil for treatment by bioremediation is estimated to be 25,000 to 30,000 cubic
yards followed by soil washing for a total volume of 100,000 to 125,000 cubic yards.

The net present cost of this alternative is estimated to be $14,950,000 with a capital cost of

$5,746,000 and an operations and maintenance cost of $2,093,000 per annum during treatment.

4.1.5.8 State Acceptance (SA-9

The level of state acceptance for this alternative will be evaluated during the FS review.

4.1.5.9 Community Acceptance (SA-9)

The community acceptance and attitude towards this alternative will be obtained during the FS

review and from public meetings.
4.2 DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES

The groundwater alternatives that have been carried through for detailed analysis are as follows:

o - Limited Action - monitoring and institutional actions;
® - Hydraulic containment and monitoring;
® - Extraction/Pretreatment/Discharge to POTW;
o Extract/Treat/Reclaim; and
L In Situ Bioremediation.
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The primary components of each selected groundwater alternative are shown on Table 12.
4.2.1 ALTERNATIVE G1-A2

° Groundwater Use Limitations, Deed Notices and Zoning Restrictions

Groundwater Monitoring

Groundwater Use Limitations, Deed Notices and Zoning Restrictions

Groundwater use limitations could be noticed in the deed which would regulate the use or sale

-of the UPRR-Sacramento property. Restriction would be instituted on well drilling to control the

potential exposure of the public to contaminants and uncontrolled use of groundwater.

Limitations may also be included for off-site properties by agreement with land owners. Details
of such agreements would be worked out in the remedial design phase if this alternative is considered

reasonable for implementation.

Groundwater Monitoring

The sampling program would be designed to monitor any changes in contaminant concentrations
and provide early warning of further contaminant migration, if any. The monitoring program would
involve sampling 13 to 20 wells utilizing existing wells and possibly some additional wells. These wells
would be sampled and groundwater analyzed quarterly. The results of the first four quarters would

provide information on deciding the nature and frequency of future monitoring.

4.2.1.1 Overall Protection of Human Health and Environment

Potential human health risks associated with future use of off-site groundwater would be
controlled by implementation of institutional actions. However, the environment would not be protected

because the contaminated groundwater would remain in the aquifer.
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4.2.1.2 Compliance with ARARSs

The groundwater monitoring and access restrictions would not comply with the chemical-specific

ARARs. Groundwater exceeding the RAOs would be left in the aquifer and monitored.

4.2.1.3 Long-Term Effectiveness

The institutional controls for this alternative would reduce the potential future risk of human
contact with contaminated groundwater or discharge to other environmental media. The long-term
adequacy and reliability of these controls would be difficult to assess because effectiveness would largely
depend on the ability and willingness of public agencies to enforce the groundwater use and access

restrictions.
4.2.1.4 Reduction of Toxicity, Mobility, or Volume
There would be no major change in levels of toxicity, mobility, or volume of contaminants by
implementing this alternative. However, toxicity could be reduced somewhat by diffusion and natural
degradation.

4.2.1 5 Short-Term Effectiveness

The potential risks to the community, workers and the environment during implementation and

sampling would be low. RAOs would not be met in a measurable time frame.

4.2.1.6 Implementability

This alternative would be technically feasible. Since the plume is mainly off-site, landowner
permits for monitoring wells would be required. Groundwater use limitations and access restrictions

would also require off-site property owner’s consent. Additional remedial actions may be easily

"implemented.
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4.2.1.7 Cost
Costs for Alternative G1-A2 are presented in Table 20. Estimated capital costs are $57,500. The

costs are based on 10 to 30 years of groundwater monitoring at a cost of $51,000 to $68,000 per annum,

for a net present cost of $1,102,827.

4.2.‘1.8 State Acceptance

The probability of state acceptance of this alternative is unknown. Further information will be

obtained during the FS comment period.

4.2.1.9 Community Acceptance

The probability of community acceptance of this alternative is unknown. Further information will

be obtained during the FS comment period.

4.2.2 ALTERNATIVE G1-A4

Off-site Groundwater Extraction
Pretreatment
Discharge to POTW

Off-Site Groundwater Extraction

Groundwater recovery wells would be placed off-site. The location and number of the wells
would be determined during remedial design. Recovery wells would be screened from approximately 25
to 50 feet below ground surface. A pump test and aquifer modeling would be performed in the remedial
design phase to provide the information necessary to accurately estimate pumping rates. The typical
pumping rate in extraction systems is in the range of 10 to 100 gallons per minute (gpm). Wells would

be placed and pumped at a rate to maximize plume capture and to contain contaminant migration.
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To construct extraction wells, landowner permission and local agency permits would be required.

The legal reciuirements of the landowners, may complicate the installation process.
Pretreatment

Pretreatment of extracted groundwater may consist of physical or chemical pretreatment to

upgrade the water to achieve permit criteria for discharge to POTW.
The pretreatment may not be necessary, depending on the quality of pumped water and permit

requirements. The type of filtration and the specific processes would be identified based on permit

requirements.

Discharge to POTW

Permits must be obtained for discharge to POTW. The flow rate and the concentration of
contaminants allowed at the POTW would be identified in the permit. Water would be pumped through
underground piping to the point of discharge.

4.2.2.1 OQverall Protection of Human Health and Environment

Potential future health risks associated with off-site groundwater would be significantly reduced

by implementation of the extraction system.

There are several potential environmental issues. Easements or land use permits would be
required for the installation of a pipeline to carry the water from the extraction system to the POTW.
Extraction of groundwater would result in a localized reduction of the water table, and discharge via
POTW would impact effluent receiving water bodies. The main impact to be considered would be an

additional flow to the POTW which will be addressed in the permitting process. -
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4.2.2.2 Compliance with ARARs

The extraction system would be operated until the levels of contaminants in the aquifer reach the

RAOs. This alternative would meet the ch‘emical-speciﬁc ARARs.

Discharge to a POTW would require action-specific ARARs reduced to levels of contaminants

to achieve permit criteria. These ARARs need to be met in order to discharge to POTW.

4.2.2.3 Long-Term Effectiveness
Extraction of contaminated groundwater would occur until RAOs were reached. This would
reduce any potential risk to acceptable levels. Residuals from the pretreatment process would be properly

treated or disposed off-site. It is not likely that these residuals would be hazardous.

Treatment of the extracted groundwater at a POTW could degrade the organic contaminants into

non-toxic compounds.
This alternative would not leave any untreated wastes or treatment residuals on-site.

4.2.2.4 Reduction of Mobility, Toxicity, and Volume

In this alternative, the volume of contamination would be reduced to residual amounts by the

groundwater extraction system.
If necessary, the extracted water would be pre-treated prior to discharge to the POTW. The low
residual VOCs in the discharged water would be further degraded in the POTW to reduce toxicity,

volume, and mobility.

This alternative could satisfy the statutory preference for treatment as a principal element.
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4.2.2.5 Short-Term Effectiveness
The potential risks to the community and workers during groundwater extraction would be low.

The time required for meeting remedial objectives cannot be estimated accurately at this point.
The pump test and groundwater modeling would provide the information necessary to estimate the

anticipated time frame. Typical time frames range from 10 to 30 years.

4.2.2.6 Implementability

The technical feasibility of this alternative is promising. The system would be simple to construct

and performance would be easily monitored.

The main scheduling factors would be the time required for the local agencies to establish
allowable POTW discharge levels and issue a permit and construction phase. This could take a minimum

of three to six months.
42.2.7 Cost

Costs are presented in Table 21. The costs are based on extraction of a minimum of 7 million
cubic feet of water requiring treatment over at least a 10-year period. The maximum net present cost of
the G1-A4 alternative is estimated to be $2,311,247 with capital costs of $349,499 and an operations and
maintenance cost of $128,200 for groundwater and effluent monitoring, and extraction and treatment

system operation.

4.2.2.8 State Acceptance

The probability of state acceptance of this alternative is unknown. .Further information on this

issue will be obtained during the FS comment period.
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4.2.2.9 Community Acceptance

The probability of community acceptance of this alternative is unknown. Further information on

this issue will be obtained during the FS comment period.
4.2.3 ALTERNATIVE G1-AS

Off-site Groundwater extraction
Pretreatment
Effluent Polish

Reclamation of Treated Groundwater

Off-Site Groundwater Extraction

Groundwater recovery wells would be placed off-site. The location and number of the wells
would be determined during remedial design. Recovery wells would be screened from approximately 25
to 50 feet below ground surface. A pump test and aquifer modeling would be performed to provide the
information to accurately estimate pumping rates. The typical pumping rates in extraction systems are
often in the range of 10 to 100 gpm. Wells would be placed and pumped at a rate to maximize plume

capture and to contain contaminant migration.

To construct off-site extraction wells, landowner permission and local agency permits would be
required. The legal requirements of the landowners may complicate the installation process for off-site

wells.:
Pretreatment

Pretreatment of extracted water may consist of physical or chemical pretreatment depending on
the influent criteria for thé treatment. polishing step. The quality of extracted groundwater would also
have an effect on the specific choice of pretreatment systems. Pretreatment may consist of filtration to

remove suspended solids and fine silt, if present. Adjustment of the pH of the water may be needed if
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an air stripping unit is utilized. Precipitation of dissolved solids may be required to achieve the final

polished effluent criteria.

Treatment - Polishing Technique

Effluent polishing would be required to meet discharge criteria. Possible techniques include

carbon adsorption, air stripping, or an UV-oxidation system.

Carbon adsorption concentrates the organic contaminants in the pumped water on activated

carbon. As the carbon looses its effectiveness, it is regenerated off-site.

Air stripping removes VOCs from groundwater through volatilization. Depending on the
emission rate, the volatilized chemicals may need to be collected by activated carbon. The carbon would

require regeneration or disposal.

A UV-oxidation system destroys contaminants through the use of ultra-violet light and an

oxidizing chemical such as hydrogen peroxide or ozone. This process produces no residuals.

Carbon adsorption and air stripping are well demonstrated and documented technologies. Once
the groundwater plume and aquifer parameters have been characterized, groundwater models could be
used to predict the contaminant concentrations in extracted groundwater. This information could then

be used to estimate the size and cost of these process options.

UV-oxidation treatment systems are not as well demonstrated. A pilot scale test of this process
would be conducted in conjunction with a pump test to obtain necessary data to evaluate the feasibility

of this type of system.
Reclamation

Reclamation involves re-use of the treated water for agricultural, commercial, or industrial uses.

Potential on- or off-site uses of reclaimed water include landscape and vegetative cover, irrigation, on-site
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dust control during remediation and construction activities, and process water for soil remediation

activities.

i

4.2.3.1 Overall Protection of Human Heaith and Environment

Potential future health risks associated with off-site groundwater would be significantly reduced

by implementation of the extraction system.

There are several potential environmental impacts. Easements or land use permits would be
required for the installation of wells, pipelines, or treatment facilities off-site. Extraction of groundwater
would result in a localized reduction of the water table.

Reclamation use of the treated water would reduce the impact on potable water resources.

The clean-up of the aquifer would address the environmental concern of the contaminated aquifer.

4.2.3.2- Compliance with ARARé

The extraction system would be operated until the levels of contaminants in the aquifer reach the

RAOs. This alternative would meet the chemical-specific ARARs.

Reclamation use would require action-specific ARARSs related to water use, contaminant levels,

and flow rates. These ARARs would need to be met for off-site uses such as irrigation or dust control.

4.2.3.3 Long-Term Effectiveness

Extraction of contaminated groundwater would occur until RAOs were met. This would reduce
any potential risk to acceptable levels. Residuals from the pretreatment process would be properly treated

or disposed off-site. It is not likely that these residuals would be hazardous.
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Effluent polishing may result in spent carbon which muAtbe managed. This material would be

regenerated off-site by the carbon supplier.
This alternative should not leave any untreated wastes or treatment residuals on-site.

4.2.3.4 Reduction of Toxicity, Mobility, or Volume

| If necessary, the extracted water would be pretreated prior to polishing. The toxicity and volume
of VOCs would be reduced by the polishing process. Carbon adsorption would concentrate the volume
on a small amount of carbon. Treatment of the carbon would further reduce the volume. Air stripping
would either reduce the toxicity by dispersing the chemicals in the air or reduce the volume by

concentrating the chemicals on carbon. UV-oxidation should completely destroy the VOCs.
This alternative would satisfy the statutory preference for treatment as a principal element.

In this alternative, groundwater exceeding the RAOs would be extracted, and would reduce the

volume of contaminated groundwater in the aquifer.

4.2.3.5 Short-Term Effectiveness

The potential risks to the community and workers during groundwater extraction would be low.

Potential risks from air stripper emissions and spent carbon transport off-site could be easily mitigated.

The time required for meeting the RAOs can not be estimated until the extent of the plume and

the aquifer characteristics have been determined.

4.2.3.6 Implementability

" The technical feasibility of this alternative is promising. The system should be relatively simple
to construct and performance would be easily monitored. The primary constraint on implementability

would be the ability to locate wells and pipelines on off-site property.
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4.2.3.7 Cost

A range of costs are provided in Tables 22-27 utilizing different flow rates and effluent polishing
technologies. The costs are based on extraction of a minimum of 7 million cubic feet of water requiring
treatment over at least a 10-year period. The maximum net present cost alternative G1-AS is estimated
to be $6,737,066 with maximum capital cost of $538,271 and maintenance cost of $404,200 for

groundwater and effluent monitoring, and extraction and treatment system operation.

4.2.3.8 State Acceptance

The probability of state acceptance of this alternative is unknown. Further information could be

obtained during the FS comment period.

4.2.3.9 Community Acceptance

The probability of community acceptance of this alternative is unknown. Further information

could be obtained during the FS comment period.
4.2.4 ALTERNATIVE G1-A6
In Situ Bioremediation

This technology is relatively new and has not been applied to many groundwater plumes
containing chlorinated solvents. For this site, in situ bioremediation would be implemented by injecting
water supplemented with appropriate metabolic compounds. Typically, this is done to stimulate tﬁe
indigenous microbial population of the aquifer. These microorganisms would then either metabolize or
co-metabolize the contaminants present in the groundwater (U.S. EPA, 1985, Remedial Action at Waste
Disposal Sites).

In situ bioremediation systems are most effective when they are used in conjunction with a

groundwater pump and treat system (U.S. EPA, 1988b, Cost of Remedial Action Model Users Manual).
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Bacterial activity appears to both increase the rate at which contaminants are degraded and to enhance the

mobility of the remaining compounds. This combined effect results in a shorter time for remediation.

Different chemical types are broken down under different chemical conditions (McCarty, 1985).
Aromatic compounds are broken down under aerobic conditions but not anaerobic conditions.
Chloririated organic solvents, on the other hand, are degraded under anaerobic conditions but not aerobic
conditions. Typically, sources of oxygen, nitrogen, phosphorus, methane, nitrate, and/or sulfate must

be injected into the treatment zone. Extracted groundwater must be treated to remove contaminants prior

to re-injection.

Prior to selecting this alternative, bench scale and pilot scale treatability tests would be required.
This alternative would also require Alternative GA-4 to be implemented, with the reclaimed water being
supplemented with nutrients and re-injected into the aquifer. However, due to the biological activity,

fewer extraction wells may be required.
4.2.4.1 Qverall Protection of Human Health and Environment

Potential future health risks associated with off-site groundwater would be significantly reduced

by implementation of the bioremediation system.

The clean-up of the aquifer would address the environmental concern of the contaminated aquifer.
Potential impacts on degradation of water quality due to injected nutrients would need to be evaluated

during a pilot scale test.

4.2.4.2 Compliance with ARARs

The capability of this alternative to comply with ARARs cannot be fully evaluated without a pilot
study. However, the extraction system would be operated until the levels of contaminants in the aquifer

have reached the RAOs. This alternative would meet the chemical-specific ARARs.
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Reclamation use would require action specific ARARs related to water use, contaminant levels,

and flow rates. These ARARs would need to be met.

" Addition of nutrients to the aquifer and stimulation of the indigenous microbial population would

require additional action-specific ARARs to be met.

4.2.4.3 Long-Term Effectiveness

The long-term effectiveness of this alternative would be similar to that of Alternative GA-5. The
persistence of the indigenous microbes and injected nutrients would need to be evaluated during a pilot

study.
4.2.4.4 Reduction of Mobility, Toxicity, and Volume

In this alternative, groundwater exceeding the RAOs would be biologically treated or extracted.
The mobility of the contaminants may be enhanced; however, this would improve the efficiency of
extraction. This alternative may remeﬁiate the groundwater in less time than GA-4 or GA-5 and yield
less water which must be treated or polished. A pilot study would be required during the remedial design

phase to assess the actual performance of this alternative.

In this alternative, groundwater exceeding the RAOs would be extracted. This would reduce the

volume of contaminated groundwater in the aquifer to zero.
4.2.4.5 Short-Term Effectiveness

A pilot study would be required to evaluate the short-term effectiveness of this alternative. In
addition to the items discussed in Section 4.2.3.5, other potential concerns related to this alternative
include the impact of the stimulated bacteria, the fate of injected nutrients, and the types of degradation

products which may be present. These issues would be addressed in a pilot scale study.
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4.2.4.6 Implementability

The technical feasibility of this alternative cannot be fully assessed prior to conducting a pilot
study to evaluate the effectiveness and potential environmental consequences. A major constraint on

implementability would be the ability to locate wells and pipelines on off-site property.
4247 Cost
The cost of this alternative cannot be estimated prior to conducting a pilot study.

{

4.2.4.8 State Acceptance

The probability of state acceptance of this alternative is unknown. Further information will be

obtained during the FS comment period.

4.2.4.9 Community Acceptance

The probability of community acceptance of this alternative is unknown. Further information will

be obtained during the FS comment period.

4.2.5 ALTERNATIVE G2-A2

° Groundwater Use Limitations, Deed Notices and Zoning Restrictions

L2 Groundwater Monitoring

Groundwater Use Limitations, Deed Notices and Zoning Restrictions

Groundwater use limitations could be noticed in the deed which would regulate the use of the

aquifer beneath the UPRR-Sacramento property affected by OU G2. Restrictions would be instituted on

- well drilling to control the potential exposure to or release of contaminants. The limitations would run

with the land title if the property was sold by UPRR.
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Groundwater Monitoring

The sampling program would monitor changes in levels of contaminant concentration and provide
an early warning system for any further potential contaminant migration. The monitoring program would
involve sampling two to four wells. Sampling frequency would initially be conducted on a quarterly basis
which would continue to provide data for trend analysis. After one year, sampling might be reduced if

changes in groundwater were not significant.

4.2.5.1 Qverall Protection of Human Health and Environment
Potential health risks associated with on-site groundwater would be reduced by implementation

of institutional actions since the purpose of these actions would be to restrict future access to and use of

contaminated groundwater.

4.2.5.2 Compliance with ARARS

Contaminant levels would decrease only from natural degradation and diffusion. Concentrations
are relatively low and do not exceed RAOs by a large amount. Source areas have not been identified,
which suggests contaminant levels should not increase. Monitoring of the plume should continue, and

if monitoring indicates migration of the plume, then other remedial actions should be taken.

4.2.5.3 Long-Term Effectiveness and Performance

The institutional controls for this alternative would reduce the potential future risk of contact with
contaminated groundwater. These controls would be easy to enforce on-site through access restrictions

to private property.

Untreated contaminated water would be left in place in the aquifer on-site. The concentrations

are low and unlikely to exceed the RAO:s.
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4.2.5.4 Reduction of Toxicity, Mobility, or Volume

There would be no reduction in the mobility or volume. Toxicity would be reduced from natural
degradation and diffusion. Since no treatment process or materials are used, there are no after-treatment

residuals.

4.2.5.5 Short-Term Effectiveness

The potential risks to the community and workers during implementation and sampling should
be very low. Environmental impacts should be nominal. However, RAOs would not be met in a

measurable time frame.

4.2.5.6 Implementability

State and local approval would be needed for this alternative. Monitoring wells are already in
place and additional wells may be easily installed. Personnel are readily available to collect and analyze

samples.

Additional remedial actions may be easily implemented depending on the alternative chosen for
G2. Iftreatment is selected for G1, costs of pumping and treating from G2 would be relatively low when

compared to developing a treatment system for G2 only.

4.2.5.7 Cost

*

Costs are presented in Table 28. The costs are based on 10 to 30 years of groundwater

monitoringbof G2 at an annual cost of $6,800 to $13,600 per annum for a net present cost of $226,565.

4.2.5.8 State Acceptance

The probability of State acceptance of this alternative is unknown. Further information will be

obtained during the FS comment period.
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4.2.5.9 Community Acceptance

The probability of community acceptance of this alternative is unknown. Further information will

be obtained during the FS comment period.

4.2.6 ALTERNATIVE G2-A3

®  Groundwater Use Limitations, Deed Notices and Zoning Restrictions
L Hydraulic Containment
L Groundwater Monitoring

Groundwater Use Limitations, Deed Notices and Zoning Restrictions

Groundwater use limitations could be noticed in the deed which would regulate the use or sale
of the UPRR-Sacramento property affected by OU G2. Restrictions would be instituted on well drilling

to control the potential exposure to contaminants.

Hydraulif: Containment

Groundwater plumes appear to be controlled by channelized deposits which limit the lateral
movement of contaminants. Channeling aids in hydraulic containment since lateral movement is restricted

by a physical barrier.
The extent of these channels would need to be clarified before the system could be fully defined.

The plume could be contained by paired extraction/injection wells or by injection wells only to
create a hydraulic barrier to prevent contaminant movement. Injection wells would need to be installed
on the downgradient end of the plume to create the hydraulic barrier. Injection water may be supplied
by a treatment system or other extracted groundwater. Injection water would need to be monitored

frequently to assure nondegradation of the aquifer. An extraction well upgradient of the plume might be

UPSAC_RI.001
DAMES & MOORE 87



needed to help flatten the gradient so plume movement is prevehted. Piezometers would need to be

installed for water level measurement to monitor the effectiveness of the hydraulic barrier.

Groundwater Monitoring

The sampling program would monitor changes in contaminant concentrations and provide an early
warning system for any further contaminant migration. The monitoring program would involve sampling
2 to 4 wells. Sampling frequency would initially be conducted on a quarterly basis which would continue
to provide data for trend analysis. After one year, sampling might be reduced if changes in groundwater

were not significant.

In addition to groundwater, the injection water would need to be closely monitored to comply

with the Porter-Cologne Water Quality Control Act.

Institutional Controls

The institutional controls for this alternative would reduce the potential future risk of contact with

contaminated groundwater. These controls would be easy to enforce on-site.

Untreated water would be left in the aquifer on-site, but the quantity does not greatly exceed the
RAO:s. |

4.2.6.1 Qverall Protection of Human Health and Environment

Potential health risks associated with on-site groundwater would be reduced by implementation

of institutional actions since these actions are designed to restrict use of contaminated groundwater.

Environmental impacts would occur to groundwater. Extraction would result in localized

depression of the water table while injection would result in a local rise in the water table.
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4.2.6.2 Compliance with ARARs

Contaminant levels would decrease only from natural degradation. Hydraulic containment would

prevent lowering of concentration through dispersion.

Action specific ARARSs relating to injection of clean water or treated groundwater would need

to be met.

4.2.6.3 Long-Term Effectiveneés

Hydraulic containment would require careful monitoring of water levels to assess performance
of the system. Pumps would need to be maintained to insure proper long term performance. The
effectiveness of the injection well(s) might decrease with time if the permeability of the aquifer around

the injection well were to decrease. This is a relatively common occurrence for injection wells.

The institutional controls for this alternative would reduce the potential future risk of contact with

contaminated groundwater. These controls would be easy to enforce on-site.

Untreated water would be left in the aquifer on-site, but the quantity does not greatly exceed the
RAOs.

- 4.2.6.4 Reduction of Toxicity, Mobility, or Volume

Toxicity should slowly decrease over time with natural degradation of the contaminants. Mobility
and volume would be maintained by the hydraulic containment. Since no treatment process or materials

would be used, there would be no after-treatment residuals.
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4.2.6.5 Short-Term Effectiveness

Risk to the community or workers would be low. The system could be controlled to prevent
groundwater spills. For example, if a pipe or fitting fails, the system could be designed to sense the

failure and shut down the pumps.

RAOs would not be met in a measurable time frame.

4.2.6.6 Implementability

.

This alternative should be technically feasible. System components such as wells and pumps are

easy to construct and install.

Injection of water into the aquifer would require permits from the RWQCB. Discharge to
groundwater is permitted only when "nondegradation” of the receiving water is demonstrated, pursuant
to the Po;ter—Cologné Water Quality Control Act.

4.2.6.7 Cost

Costs are presented in Table 29. The costs are based on extraction and injection of groundwater

to create a hydraulic barrier to prevent further migration of contaminated groundwater.

The maximum net present cost of the G2-A3 alternative is estimated to be $1,495,940 with capital
cost of $79,516 and operation and maintenance cost of $88,400 for groundwater and injection water

monitoring and extraction and injection system operation.

4.2.6.8 State Acceptance

The probability of state acceptance of this alternative is unknown. Further information will be

obtained during the FS comment period.
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4.2.6.9 Community Acceptance

The probability of community acceptance of this alternative is unknown. Further information will

be obtained during the FS comment period.
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5.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

In Section 4.0, Detailed Analysis of Alternatives, each alternative has been analyzed
independently without consideration of the other alternatives. In this section, the relative performance
of each alternative is evaluated with regard to each specific criterion. The purpose of this comparative

analysis is to identify the advantages and disadvantages of each alternative relative to one another.

| In order to be eligible for selection, an alternative must, in general, meet the criteria set forth for
Overall Protection of Human Health and the Environment, and Compliance with ARARs. Each
alternative is then compared for long-term effectiveness and performance; reduction of toxicity, mobility,
and volume through treatment; short-term effectiveness; implementability; and cost. State and community

acceptance will be addressed after formal comments have been received on the Draft RI/FS.

5.1 SOIL ALTERNATIVES

This section evaluates and compares each of the five detailed alternatives on the basis of the

following criteria:

Overall protection of human health and the environment
Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness

Implementability

Cost

Comments on the alternatives by the state and the community will be obtained during the FS

review period and the public meeting.
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5.1.1 Qverall Protection of Human Health and the Environment

Each of the alternatives, except Alternative SA-1 (No Action), offer adequéte risk reduction to
protect human health and the environment by meeting the RAOs through elimination of chemicals,

reduction to acceptable levels, or exposure pathway controls.

Each of the four action alternatives reduces risk below the 1 x 10° cancer risk level. However,
these risk reduction levels are achieved through different approaches to residual containment management.
Consequently, some alternatives would require more detailed deed notices and place more stringent

restrictions on future land use than other alternatives.

For example; Alternative SA-4 would reduce risk below 1 x 10° by capping hot spots with
concrete and soils above the RAOs with a vegetative cover. This would reduce the risk below 1 x 10°
for the dust pathway and the direct skin contact and soil ingestion pathway. However, future excavation
activities on the site, particularly in hot spot areas, would require deed restrictions covering heaith and.
safety and possible remediation. Nonetheless, Alternative SA-4 would be protective of human health and

would limit infiltration of rainwater and leachate generation to groundwater.

Alternatives SA-5 and SA-8 provide for hot spot treatment and vegetative covers. The TPH
would be biodegraded and removed but the As and Pb would remain in a stabilized matrix in the soil.
Human health protection would be even higher than in Alternative SA-4 and the environment would be

protected by source removal and stabilization against leaching.

Alternative SA-9 would provide for full treatment by leaving negligible residual contaminants on

the site. There would be no need for stringent deed. restrictions on future land use. Risks should be

reduced greatly below the 1 x 10 cancer levels and there would be no contaminants of any significance

left to leach to groundwater.
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5.1.2 Compliance with ARARs

There are no soil ARARs relevant to this site. The chemical-specific RAOs. established for As
(8 mg/kg), Pb (190 mg/kg), and TPH (1,000 mg/kg) are used for comparative purposes.

All the alternatives except Alternative SA-1 provide a risk reduction by covering and treating soils
above the RAOs. Alternatives SA-5 and SA-8 provide a significant reduction in soil contaminants above

the RAOs and Alternative SA-9 provides full treatment of soils above RAOs leaving negligible residual |
As, Pb and TPH.

5.1.3 Long-Term Effectiveness and Permanence

All the alternatives, except the no action Alternative SA-1, offer long-term effectiveness and

_ permanence based on various degrees of institutional controls and treatment. Alternative SA-9 offers the

highest level of long-term effectiveness because there are no residuals left on-site. Alternatives SA-5 and
SA-8 offer the next level of long-term effectiveness because of the reduction of hot spot As, Pb and TPH

concentrations (Alternative SA-5) and in situ stabilization of As and Pb (Alternative SA-8).

Alternative SA-5 offers the least long-term effectiveness due to the greater reliance on land use
limitations and concrete cap integrity above the residual contaminants. There is also a more demanding

requirement for monitoring of contaminant migration and maintenance of the vegetative cover integrity.

5.1.4 Reduction of Toxicity, Mobility or Volume. through Treatment

Alternatives SA-5, SA-8, and SA-9 offer treatment technologies for reducing the toxicity and
mobility of As, Pb, and TPH. The volume of TPH is reduced by biodegradation in all three alternatives.
The volume of As and Pb contaminated soils is greatly reduced by off-site removal of As and Pb in the

excavation and treatment alternatives (SA-5, SA-9). The volume of As and Pb soil is slightly increased

. (5-10%) in Alternative SA-8 by the in situ stabilization technique. However, the stabilized soil is greatly

reduced in As and Pb mobility.
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Alternative SA-4 offers no treatment beneath the concrete cap and vegetative cover. Therefore,
the volume of contaminated soil remains the same although the toxicity and mobility of the contaminants

is greatly reduced by leachate control.
5.1.5 Short-Term Effectiveness

Alternatives SA-4 (Containment) and SA-8 (In Situ Treatment) offer the best short-term
effectiveness because there are no additional potential health risks to the community or site workers from
excavation of hot spot soils. The full treatment Alternative SA-9 would require excavation of
approximately 120,000 cubic yards of soil and Alternative SA-5 would require 30,000 cubic yards of
excavation. Dust control and access restrictions would keep these risks mitigated. All four action
alternatives would require the same level of vegetative cover establishment, so site disturbance and dust

control will be the same for each alternative.

It is estimated that each of the action soil alternatives (SA-4, SA-5, SA-S, and SA-9) would run

over a five-year period.

5.1.6 Implementability

Alternative SA-4 would be the simplest to construct requiring approximately four acres of
unreinforced concrete caps over hot spot areas and 24 acres of vegetative cover. The concrete caps would
be buried beneath the vegetative cover to maintain cap integrity. The necessary limitations for land use

and future access to the hot spot areas on the site would require negotiations for administrative approval.

Alternative SA-5 would require construction of an HDPE-lined leach pad for bioremediation and
heap leaching of As and Pb. This facility would be classified as a waste management unit under CCR
Title 23, Subchapter 15, and would need to meet with regulatory approval of the design, operation, and
closure post-closure maintenance. The most complex technical task is to select a suitable leaching
solution through treatability tests and pilot trials for the removal of As and Pb from the soil matrix.
Approximately 5,000 cubic yards per annum would need to be treated on the leach pad, which would

cover an area approximately 1,700 square yards.
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Alternative SA-9 would require an HDPE-lined leach pad to treat approximately 25,000 cubic
yards per year. The leach-lined pads would be approximately three yards high and require a total surface
area of approximately 8,400 square yards. The technical issues over bioremediation and leachate
extraction of As and Pb are the same. Similarly, regulatory approval of the heap leach operation and the
monitoring, closure and post-closure requiréments would be the same but over a much greater area than

Alternative SA-5.

Alternative SA-8 (In Situ Treatment) is the easiest and least disruptive alternative to implement.
The bioremediation and soil stabilization techniques are readily available and proven for these kinds of

soil applications.

Alternatives SA-5, SA-8, and SA-9 would all require extensive treatability tests during the

remedial planning and design phase to optimize treatment processes.
5.1.7 Cost

Costs have been estimated for capital, annual operations, and total costs for each of the five soil
alternatives in Tables 16 to 19 over a period of five years to achieve remediation by treatment. Costs
for monitoring, maintenance or management of site institutibnal controls have not been estimated beyond
this five-year period. The costs for total annual, total capital, and net costs for each alternative are

summarized in the following text.

Alternative SA-4 (Containment) has a total capital cost of approximately $3 million, while
Aiternatives SA-5, SA-8 and SA-9 have total capital costs of $5.1, $4.8 and $5.7 million, respectively.
The annual costs are affected by the level of treatment operations and vary from $26,000 per annum for
monitoring and maintenance of vegetative and concrete caps in Alternative SA-4 to $2 million per annum

for full treatment by bioremediation and heap leaching.
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The approximate net costs for soil alternatives for the five-year comparative period are as follows:

Alternative Description Net Cost
————-—-————-—-———-—_-——————————-————————J
| No Action $0
4 Containment with Institutional $3.1 million

Controls

5 Limited Excavation and On- $9.2 million
: Site Treatment with
Institutional Controls

8 In Situ Treatment with $6.3 million
Institutional Controls

9 Full Treatment $15.0 million

5.2 GROUNDWATER

A detailed cost estimate is required to screen objectives. However, the full extent of the off-site

groundwater plume is not known at this time, so detailed costs are not complete for the groundwater

remediation. To address this issue, a range of costs for the various alternatives was developed for use
in the detailed analysis. This was done so that the feasibility study could be carried forward along with

the remedial investigations.

Costs for the five groundwater alternatives are presented in Tables 20 through 29. An attempt
was made to determine a possible range of present-worth costs based on changing a variety of criteria
including flow rates from extraction wells to the expected life of the project. It should be emphasized
that, since the extent of groundwater contamination has not yet been determined, the estimated costs given
in Tables 20 through 29 are preliminary and will likely change to include a smaller range, once the

groundwater investigation is complete.

A variety of assumptions were made to arrive at the preliminary cost estima}es. The number of
extraction wells and/or injection wells; pump rates of 10 and 100 gpm were used for the extraction wells;
a project life of both 10 and 30 years; no combination of polish techniques (i.e., GAC); along with air

stripping or GAC with UV-oxidation; the frequency and scope of effluent and groundwater monitoring
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does not change over the life of the project; and well maintenance costs are minimal over the life of the
project. Other assumptions concerning the cost associated with plant demolition at the end of the project

life or indirect capital costs are listed in the tables.

An interest rate of five percent was used as suggested in the guidance document for conducting

remedial investigations and feasibility studies under CERCLA.

The full extent of these plumes, the aquifer parameters, and plume behavior have not been fully
characterized at this time. Therefore, a full comparison of alternatives and an assessment of the need for
treatment is preliminary. As a result, the alternative which permits additional remedial actions to be
implemented the easiest should be preferable. As more data becomes available, additional analyses of

all alternatives will need to be conducted.

5.2.1 Operable Unit G1

This OU consists of the off-site VOC and on-site aromatic plumes. Alternative GA-2,
Institutional Actions, would not provide for protection of the environment and would not comply with
ARARSs due to the concentrations of contaminants and the size of the plume. Therefore, this alternative

is not eligible for selection and is not included in the comparative analysis.

This comparative analysis is conducted for the remaining alternatives:

® - Alternative 4 - Extract/Pretreat/Discharge to POTW
® - Alternative 5 - Extract/Pretreat/Polish/Reclamation
L Alternative 6 - In Situ Bioremediation.

Since the extent of the plume and the aquifer parameters have not been characterized and
treatability tests have not been conducted, a final comparison cannot be made at this time. This
preliminary comparison will concentrate on the general features of each alternative. As new data becomes
available from the off-site groundwater investigation, more detailed ahd site-specific comparisons will be
made in the Final RI/FS.
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5.2.1.1 Long-Term Effectiveness and Permanence

All three alternatives result in a high degree of long-term effectiveness and permanence because
they remove or degrade the contaminants in the groundwater. Alternative GA-4 relies on the capability
of a POTW to destroy or remove the contaminants from water. In Alternative GA-5, UV-oxidation,
completely destroys the VOCs while air stripping and carbon adsorption result in emissions or residuals
which must be managed. Alternative GA-6 may leave some nutrients and high levels of non-pathogenic

bacteria in the aquifer. A pilot test will be required to evaluate these effects.

5.2.1.2 Reduction of Toxicity, Mobility, or Volume Through Treatment

All three alternatives use treatment to remove the contaminants from water or destroy them.
Alternative GA-4 relies on the capability of a POTW to destroy or remove the contaminants. In
Alternative GA-S, air stripping and carbon adsorption transfer the contaminants to other media (air or
carbon, respectively). These methods would be effective in reducing the volume of contaminated
material. However, any reduction in toxicity or mobility depends on how these residuals are managed.
Treatability tests would be required to evaluate the levels of residuals. UV-oxidation completely breaks

down the organic compounds.

Alternative GA-6 includes the implementation of Alternative GA-5. In situ bioremediation may
increase the rate at which contaminants are destroyed or degraded. A pilot study would be necessary to

determine the efficiency of this process.

5.2.1.3 Short-Term Effectiveness

All three alternatives include pumping groundwater. The impacts to the community, workers,
and the environment from this activity would be similar for all three. Alternative GA-4 would increase
discharges from the POTW to receiving waters and reduce the excess capacity of the POTW. Alternative
GA-5 may result in air emissions of toxic organic compounds or the off-site transportation of hazardous

waste. This alternative also provides a positive impact by providing reclaimed water for use on- or off-
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site and reducing the demand on potable water supplies. The full range of possible impacts from

Alternative GA-6 cannot be evaluated without a pilot study.

The time until RAOs are achieved cannot be realistically estimated at this time. However,
Alternatives GA-4 and GA-5 would achieve clean-up of the aquifer through extraction of groundwater.
Therefore, the remediation time frame for these two alternatives should be identical. Due to biological
activity, the time to reach the RAOs for Alternative GA-6 should be shorter than for Alternatives GA-4
and GA-S.

5.2.1.4 Implementability

All three alternatives are technically feasible, although a full evaluation of Alternative GA-6
would require a pilot study. The primary constraint would be the ability to locate wells, pipelihes, and/or
treatment facilities on public or private land off-site. This may limit the administrative feasibility of some
alternatives more than others. These issues will be dealt with during the comment and review period and

may be further discussed after that time.
5.2.1.5 Cost

The net present cost of Alternative GA-2 for 10 years is $394,000 and for 30 years is
$1,045,000. The net present cost of Alternative GA-4 for 10 years is $1,199,000 and for 30 years is
$2,311,000. Depending on the polishing process used, the net present cost of Alternative GA-5 for 10
years will range from $1,253,000 to $1,992,000. The net present cost of Alternative GA-5 for 30 years
will range from $2,418,000 to $6,727,000. Costs for Alternative GA-6 were not developed, pending a
treatability test. Cost details are summarized in Tables 20 through 27.

5.2.2 Operable Unit G2

This OU consists of small on-site VOC, chromium, nickel, and lead plumes. Concentrations of

contaminants within these plumes are at the RAOs or exceed them by only a small amount, especially
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when compared to G1. Therefore, it may be possible to provide Overall Protection of Human Health and

the Environment and Compliance with ARARs without implementing treatment.
This comparative analysis is conducted for the following alternatives:

e Alternative GA-2 - Institutional Actions

®-: Alternative GA-3 - Hydraulic Containment

5.2.2.1 Long-Term Effectiveness and Permanence

The institutional actions in both alternatives should be easy to enforce on-site and should reduce
the potential future risk of contact with contaminated groundwater. Alternative GA-3 should prevent off-,
site migration of the plumes. However, the efficiency of the injection wells may increase over time and

additional monitoring requirements may be necessary.

5.2.2.2 Reduction of Toxicity, Mobility, or Volume Through Treatment
Treatment is not a component of either alternative. However, groundwater concentrations may

be attenuated by dispersion and natural degradation in Alternative GA-2, but only by natural degradation

in Alternative GA-3 since groundwater flow is essentially stopped.

5.2.2.3 Short-Term Effectiveness

Potential risks to the community and workers during remedial action are low for both alternatives.

Alternative GA-3 could cause local variations in the water table and in groundwater flow patterns.

5.2.2.4 Implementability

Both alternatives are technically feasible. Alternative GA-3 would require permits for injection
of water and compliance with the Porter-Cologne Water Quality Control Act must be maintained.

Alternative GA-2 would allow other remedial actions to be easily implemented, both for G2 and G1.
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Alternative GA-3 may preclude the implementation of other remedial actions due to the injection and
possible pumping of groundwater. This alternative may also affect, or be effected by, remedial actions
for G1.

5.2.2.5 Cost
The net present cost of Alternative GA-2 for 10 years is $52,500 and for 30 years is $209,000.

The net present cost of Alternative GA-3 for 10 years is $631,000 and for 30 years is $1,438,000. Cost
details are presented in Tables 28 and 29.

GROUNDWATER ALTERNATIVES
Net Cost*
Alternative Description (in Millions)
[T —— et §
G1-A2 Limited Action - Monitoring $1.1
Groundwater Use Limitations
Access/Zoning Restrictions
G1-A4 Extraction/Pretreatment $2.3
Discharge to POTW
G1-AS Extract/Treat/Reclaim $6.7
G1-A6 In Situ Bioremediation Unknown
‘G2-A2 Limited Action - Monitoring - $0.27
Groundwater Use Limitations :
Access/Zoning Restrictions
G2-A3 Hydraulic Containment/ $1.5
Monitoring

*Highest estimated range of cost.

5.3 EVALUATION

Preliminary and final candidate soil alternatives and final candidate groundwater alternatives were

ranked independently by a group of Dames & Moore technical specialists. Both preliminary and final
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candidate soil alternatives were included in the ranking analysis to provide a basis for comparison of the

initial screening of alternatives and selection of final candidate alternatives.

The criteria used to analyze alternatives qualitatively were the same seven criteria utilized for the

\

detailed analysis of Section 4.0:

Overall protection of human health and environment;
" Compliance with ARARs or RAOs;

Long-term effectiveness;

Reduction in toxicity, mobility, and volume;

Short-term effectiveness;

Implementability; and

Cost.

A modified Delphi decision analysis system was used in which six Dames & Moore technical specialists
with academic training and professional experience in hazardous substance site investigations and cleanup
completed a qualitative evaluation and provided scoring for the alternatives. The results of the analysis

are provided in Table 31.

The ranking evaluation provides a comparative qualitative analysis of the soil and groundwater
alternatives on the basis of seven criteria. The intent of this ranking is not to select the final alternatives
for soil and groundwater, but instead to provide a basis to qualitatively evaluate and validate the FS
process. Altogether different criteria may be utilized or one criterion may dominate the final alternative

selection process.

5.3.1 Soil Alternatives Ranking'

Ranking of the preliminary and final candidate soil alternatives indicates the four final candidate

action alternatives (SA-4, SA-5, SA-8, and SA-9), which all ranked relatively closely, are all potential

candidates for final selection. The four final candidate action alternatives (SA-4, SA-5, SA-8, and SA-9)

would provide overall protection of human health and the environment at different costs (Table 30). The
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no action soil alternative was carried through only as a baseline for comparison and would not be

protective of human health and the environment.

The in situ treatment and stabilization alternative (SA-8), which was ranked highest among the
soil alternatives, would provide moderate reduction of toxicity, mobility, and volume, good short-term
protectiveness, implementability is medium, and the cost moderate. The hot spot reduction by on-site
treatment alternative (SA-5) would provide moderate reduction of toxicity, mobility, and volume,
mbderate short-term effectiveness, implementability is medium, and the cost is moderate to high. The
full excavation and treatment alternative (SA-9) would provide the greatest reduction of toxicity, mobility,
and volume, low short-term effectiveness, implementability is medium, and the cost is highest among the
soil alternatives. The containment alternative (SA-4) would provide no reduction in volume and
satisfactory control of contaminant mobility, provides the greatest short-term effectiveness, is the easiest

to implement (technically), and has the lowest cost.

Alternatives SA-2, SA-3, SA-6, and SA-7 were eliminated from further consideration during the
initial screening of alternatives. These alternatives scored in the lower half of the ranking evaluation.
Alternative SA-1, the no action alternative, ranked lowest but was carried through as a baseline for

comparative analysis.

5.3.2 Groundwater Alternatives Ranking

Ranking of the final candidate groundwater alternatives indicates some alternatives are more

feasible and preferred over other alternatives.

For G1 the most feasible alternatives are Alternative GA-5, Pump/Pretreat/Polish/Reclamation
and Alternative GA-6, In Situ Bioremediation. Alternative GA-4 relies on an off-site treatment facility
(POTW) to treat extracted groundwater. Operations at this facility are beyond the control of the site
owner and remediation System operator. Alternative GA-5 provides a large positive benefit in the form
of reclaimed water. The best polishing process opﬁon would need tb be deter'mined by conducting

treatability tests. As discussed earlier, Alternative GA-6 also requires the implementation of Alternative
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GA-5. The potential advantage of in situ bioremediation is the shorter remediation time frame.

However, a full pilot study would be required to fully evaluate the feasibility of Alternative GA-6.

For G2 the most feasible alternative is Alternative GA-2, Institutional Actions. Alternative GA-3
may interfere with other present or future remedial actions, whereas Alternative GA-2 will allow
additional remedial actions to be easily implemented. The only advéntage Alternative GA-3 has is that
it may prevent off-site migration of the plumes. However, if monitoring conducted as part of Alternative
GA-2 indicates a plume may be moving off-site, other remedial actions may be employed. Until

additional information is collected regarding G2, Alternative GA-2 appears to be the most feasible.
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TABLE 1

EXPOSURE PATHWAYS CONSIDERED IN THE HEALTH RISK ASSESSMENT
AND CORRESPONDING RISK BASED RESIDUAL CONCENTRATIONS
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

RESIDUAL CONCENTRATION (mg/kg)

CANCER RISK-BASED

NON-CANCER

10° 107 EFFECTS

CHEMICAL PATHWAY?

Soil ingestion - on-site Surface soil 0.0_42
" ' Inhalation | 158 15.8 1.6 0.16 - "
" Lead Soil ingestion - on-site Surface soil - - - - 190 ||
Notes:
) *Risk-based residual concentrations estimated for all pathways contributing significantly to health risks.
®Noncancer effects for residual concentrations of lead !;n soil are based on achieving blood-lead levels less than 15 ug/dL.
UPSACTAB.009
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TABLE 2

REMEDIAL ACTION OBJECTIVES - SOIL
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

mg/kg
REGIONAL
MAX IMUM AVERAGE BACKGROUND BACKGROUND HEALTH REMEDIAL
SITE SITE SURFACE DETECTION SAMPLE AVERAG% CONCENTRATION RISK BASED ACTION
CONCENTRATION CONCENTRATION LIMIT CONCENTRATION RANGE? CONCENTRATION® TTLC LUFT OBJECTIVE
Arsenic 600 29 0.60 8 8-16 0.42 500 -- 8
Lead 17,900 321 1.4 22 10-150 190 1,000 -- 190
TPH (Diesel) 88,161 8,979 10 -- -- .- -- 1,000 1,000
All values are indicated in mg/kg (ppm).
! Average of park soil sample analysis.
2 Shacklette and Boergnan, 1984.
3 Risk Assessment section of the UPRR RI report. Arsenic concentration equal to a 10 Lifetime cancer risk from soil ingestion. Lead concentration

provides a blood-lead level below the 15 ug/dL level of concern (CDC, 1988).
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TABLE 3

REMEDIAL ACTION OBJECTIVES
GROUNDWATER
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

ug/l
- HIGHESTC REMEDIAL
_ REGIONALP DETECTION CONCENTRATION ACTION
CHEMICAL BACKGROUND LIMIT ON-SITE OBJECTIVE

Benzene 1 -- 0.5 12,000 1
Toluene 1004 -- 0.5 400 100
Xylene 1,750 -- 0.5 1,600 1,750
Ethylbenze 680 -- 0.5 1,200 680
ne

1,1,1-TcA 200 -- 0.5 39 200
1,1,2-TCA 32 -- 0.5 7.1 32
1,1-DCA 5 -- 0.5 22 5
1,1-DCE 6 -- 0.5 820 6
1,2-DCA 0.5 -- 0.5 360 0.5
PCE 5 -- 0.5 3.5 5
TCE 5 -- 0.5 13 5
Chloroform 100 -- 0.5 11 100
Arsenic 50 0-20 5 30 50
Chromium 50 1-20 4 111 50
Lead 50 0-9 10 63 50
Nickel 400¢ 1-12 10 450 400

a The ARARs are the state maximum contaminant levels (MCLs) for drinking

water,

feasibility of control, except for toluene and nickel.

b Regional background from Johnson, 1985.

and are based on health-related and technological and economic

c Highest concentration measured on-site during five rounds of sampling.

d California DHS recommended drinking water action level (AL),

health-based, listed in the absence of an MCL.

strictly

e California DHS applied action level, strictly for utilization with Site
- Mitigation Decision Tree Manual in risk assessment for direct exposure to

humans .
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TABLE 4

VOLUMES OF AFFECTED SOILS
ABOVE REMEDIAL ACTION OBJECTIVES AND HOT SPOTS
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA
(in cubic yards)

DEPTH INTERVAL IN FEET TOTAL
TARGET CUBIC YARDS
CHEMICALS >0.5-1.{5 0-1.5 >1.5-5 0-10
Soil Operable Unit S1
TPH > 1,000 mg/kg -- -- 5,756 11,498 7,111 24,365
Soil Operable Unit S2
AS > 8 mg/kg 21,113 13,689 -- 45,137 27,148 107,087 .
and/or
Pb > 190 mg/kg
Soil Operable Unit S3
TPH > 1,000 mg/kg 21,252 15,559 -- 49,117 29,667 115,595

and/or

AS > 8 mg/kg
and/or .

Pb > 190 mg/kg

Hot Spots¥

e — — ———————————————— ——————

TPH > 1,000 mg/kg
and/or

AS > 100 mg/kg
and/or

Pb > 1,000 mg/kg

1,852

4,607 .-

13,352

8,222

28,043

" )
As - Arsenic
Pb - Lead

TPH -

UPSACTAB.009
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TABLE 5

VOLUMES OF EFFECTED GROUNDWATER
ABOVE REMEDIAL ACTION OBJECTIVES
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

AREAL EXTENT

DESCRIPTION (FT?)

A Off-site 527,800" 3.71 x 10%
chlorinated (976,320)" (7.32 x 108™
solvents

B On-site aromatic 7,519 2.26 x 10°
hydrocarbons

C On-site 53,110 2.39 x 10°
chlorinated
solvents

D : Deep zone aquifer 11,834 3.55 x 10*
chlorinated
solvents

E On-site metals 9,780 4.40 x 10*

* 10-Year Release Scenario
*% 30-Year Release Scenario
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TABLE 6

SUMMARY OF SOIL OPERABLE UNITS
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

v

OPERABLE SURFACE AREA VOLUME
UNIT PARAMETER (ACRES) (CUBIC YARDS),
s1 Total Petroleum Hydrocarbons > 1000 ppm * 24,492
S2 Arsenic > 8 ppm and/or Lead > 190 ppm 26.35 107,087
s3 Total Petroleum Hydrocarbons > 1000 ppm 26.53 115,595
and Arsenic > 8 ppm and/or Lead > 190 ppm
* Very few surface soil samples collected and analyzed for TPH.
Visual observation indicates minimal TPH at surface.
UPSACTAB.009
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TABLE 7

VOLUME SUMMARY FOR PLUME A, 10-YEAR SIMULATION

UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

SUBVOLUME THICKNESS
(SUBSURFACE ZONE) (FT)
1 20 44,400 266,500
2 22.5 238,500 1,610,000
3 25 236,800 1,775,800
4 30 8,100 61,100
Total 527,800 3,713,300

Thickness is based on a groundwater table elevation of -5 feet mean sea level

Area and volume rounded to nearest hundred.
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TABLE 8

GENERAL RESPONSE ACTIONS
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

| MEDIA I

Soil

GENERAL RESPONSE ACTIONS

No Action
Institutional Actions
Containment

Treatment

Disposal

Groundwater

No Action

Institutional Actions
‘Collection

Treatment

Disposal - Treated Water
Management - Treatment of
Residuals




SUMMARY OF

TABLE 9

SOIL REMEDIAL ACTION ALTERNATIVES
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

GENERAL
RESPONSE
ACTIONS

No Action

REMEDIAL
TECHNOLOGY

None

PROCESS OPTIONS

None

ALTERNATIVES

4

5

6

Institutional
Action

Containment

Treatment

_ Removal

Disposal

Monitoring Periodic soil and x| x| x
groundwater
sampling
Fencing X | X |'x
Access
Restrictions | Zoning and Deed x| x | x

Restrictions

h——————————————————————————————————————————————————-———7——————-———-——————————————f——d

Excavation

Landfill

Heavy Construction
Equipment

Off-Site

Dust Control | Irrigation x| x| x
Vegetation x| x| x
Capping Clay
Asphalt
Concrete x| x| x
Multimedia
Soil Washing X
Physical/
Chemical Fixation
Theoretical | Off-site
Incineration
Ex Situ X
Biological | Bioremediation
In Situ
Bioremediation
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TABLE 10

SUMMARY OF GROUNDWATER REMEDIAL ACTION ALTERNATIVES
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

ALTERNATIVES

GENERAL RESPONSE
ACTIONS

REMEDIAL
TECHNOLOGY

PROCESS OPTIONS

No Action/ Monitoring Groundwater Monitoring X x X X X X
Institutional Action
Access Restrictions Zoning & Deed Restrictions X X
Containment/ Hydraulic Injection Wells X X
Collection Containment/Extraction
Extraction Wells X X X X

‘ Physical Filtration

Pre-Treatment

Flocculation

Chemical pH Control X X
Pre-Treatment

Precipitation/Flocculation

Treatment
. UV/H,0, X
Effluent
Polish Air Stripping x
Granular Activated Carbon X
Biological Treatment In Situ Bioremedation X
On-Site Reclamation Use X
Discharge
Off-site Local POTW X
' On-Site Carbon Regeneration ' X
Management Treatment .
of Residuals Disposal X X
. off-Site -
Incineration
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TABLE 11

COMPONENTS OF SCREENED SOIL ALTERNATIVES
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

| ACTION | SA-1 SA-4 SA-5

SA-8 SA-9
INSTITUTIONAL CONTROLS .
Deed Restrictions -- X X X --
Fencing -- X X X --
Monitoring -- b4 X X --
CONTAINMENT
Dust Control -- X X X --
Revegetation -- P4 X b4 --
Soil Cover -- X X .4 --
Artificial Cover -- x O X -- --
IN SITU TREATMENT
Chemical Fixation -- -- -- X X
Bioremediation -- -- -- b 4 X
EX SITU TREATMENT
Soil Washing - -- X -- X
Bioremediation -- -- b4 -- X
-- No Action
X Action
J/
UPSACTAB.009
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TABLE 12
COMPONENTS OF SCREENED GROUNDWATER ALTERNATIVES

UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

| AcTION [ orne | cena [ cons [ orme [ a-n5 | 1o

INSTITUTIONAL
Zoning & Deed Restriction X b4 X -- -- --
Monitoring . X X X X X

CONTAINMENT/COLLECTION

Injection Wells -- -- X -- -- <
Extraction Wells -- -- b4 X X X

TREATMENT

pH Control - -- -- x
UV/H,0, -- -- -- --
Air Stripping -- -- -- --
Granular Activated Carbon -- -- - --
In Situ Bioremediation -- -- -- -

HoX oMM
1
1

)
)
b

DISCHARGE

Reclamation Use -- -- -- -- x --
Local POTW -- - -- X -- --

MANAGEMENT
OF RESIDUALS

On-Site Carbon Regeneration -- -- -- .- X --
Off-Site Disposal -~ -- -- -- X --
-- No Action
X Action
1
UPSACTAB.009

DAMES & MOORE



- TABLE 13

FINAL CANDIDATE SOIL ALTERNATIVES
UNION PACIFIC RAILROAD-
SACRAMENTO, CALIFORNIA

SA-1 NO ACTION

SA-4 CONTAINMENT/INSTITUTIONAL CONTROLS
SA-5 EXCAVATION/ON-SITE TREATMENT
SA-8 IN SITU TREATMENT

SA-9 EXCAVATION/FULL TREATMENT

UPSACTAB.009
DAMES & MOORE




TABLE 14

FINAL CANDIDATE GROUNDWATER ALTERNATIVES
UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA

|| : RETAINED ALTERNATIVES - OPERABLE UNIT Gl "

Gl-A2 Limited Action-Monitoring, Groundwater Use
Limitations, Access/Zoning Restrictions

Gl-A4 Extraction/Pretreatment/Discharge to POTW

Gl1-AS5 Extract/Treat/Reclaim

Gl-A6 In Situ Bioremediation

'mq

RETAINED ALTERNATIVES - OPERABLE UNIT G2

G2-A2 Limited Action - Monitoring, Groundwater Use
Limitations, Access/Zoning Restrictions
G2-A3

Hydraulic Containment/Monitoring

UPSACTAB.009
DAMES & MOORE



TABLE 15
DETAILED COST ESTIMATE
SA-1 - No Action

Alternative: SA-1: No Action
CAPITAL COSTS FUTURE COSTS
Direct Capital Costs
. Cost per Cost per Annual Years
Item Units Quantity Unit Total Item Units Quantity Unit Cost Incurred
SITE DEVELOPMENT $0 SAMPLING/ MONITORING $0

ANNUAL MOWING/MULCHING

$0
MATERIALS HANDLING

$0
----------- Annual Cost Subtotal $0

Subtotal-Site Work $0

CAPITAL EQUIPMENT SYSTEM OPERATION AND MAINTENANCE

$0 $0
----------- Annual O&M Suntotal $0

Subtotal -Capital Equipment $0

DIRECT CAPITAL COST SUBTOTAL $0 TOTAL ANNUAL FUTURE COSTS $0



TABLE 15 (Continued)
DETAILED COST ESTIMATE
SA-1 - No Action
Alternative: SA-1: No Action

Indirect Capital Costs

Cost per PLANT DEMOLITION

Item Units Quantity Unit L3 < ] S b

------------------------------------------------------------------ 5% of Capital Equipment $0
Engineering and Design 10% . $0
Construction Management 7% $0
Permitting 5% $0
Testwork 2% $0
Start-up 10% $0
INDIRECT CAPITAL COSTS SUBTOTAL $0
CAPITAL COST SUBTOTAL $0

CONT INGENCY 15% o eemeesencee-

----------- NET PRESENT COST OF ALTERNATIVE $0

TOTAL CAPITAL COSTS $0



TABLE 16
DETAILED COST ESTIMATE

SA-4 - Containment With Institutional Controls

Alternative: SA-4: Containment with Institutional Controls

CAPITAL COSTS

Direct Capital Costs

Item Units Quantity

SITE DEVELOPMENT
Institutional Controls
Deed Restrictions s
Access Restrictionls

Clear & Grub ac
Disposal ac
Concrete Cap
Rough Grading sf
Fine Grading sf ’
Base Preparation sf
Cap sf
Soil Cap -
Soil Cover cy
Irrigation ac
Revegetation
Hydroseed ac

Subtotal-Site Work
CAPITAL EQUIPMENT

Subtotal -Capital Equipment
DIRECT CAPITAL COST SUBTOTAL

100000
200000
200000
200000

21500
24

24

Cost per

unit Total

$50,000  $50,000
$200,000 $200,000
$900  $4,500
$225 $1,125

$2  $235,000
$1. $270,000
$2  $400,000
$3  $600,000

$12  $258,000
$500 $12,000

$1,700  $40,800

. $2,071,425
$0

$2,071,425

FUTURE COSTS

Item Units Quantity

SAMPLING/ MONITORING

Cap Inspections yr
Soil Monitoring yr
Water Monitoring vyr
ANNUAL MOWING/MULCHING
Mowing/Mulching ac

Annual Cost Subtotal

SYSTEM OPERATION AND MAINTENANCE
Cap Maintenance yr

Annual O&M Subtotal

24

Cost per
unit

$1,000
$5,000
$5,000

$500

$2,000

TOTAL ANNUAL FUTURE COSTS (5 years)

Annualt

Cost

$2,000
$5,000
$5, 000

$12,000

$24,000

$2,000

$26,000

Years
Incurred

v v



TABLE 16 (Continued)
DETAILED COST ESTIMATE
SA-4 - Containment With Institutional Controls

Alternative: SA-4: Containment with Institutional Controls

Indirect Capital Costs

Cost per PLANT DEMOLITION

Item Units Quantity Unit Total =~ = ==-ceermecemcememicccc ettt m et e e

------------------------------------------------------------------ 5% of Capital Costs $0
Engineering and Design 10% $207,143
Construction Management . 7% $145,000
Permitting 5% $103,571
Testwork 2% $41,429
Start-up 0 $0
INDIRECT CAPITAL COSTS SUBTOTAL $497,142
CAPITAL COST SUBTOTAL $2,568,567

CONTINGENCY 15% $385,285 . -esececenee

----------- NET PRESENT COST OF ALTERNATIVE $3,066,418

TOTAL CAPITAL COSTS $2,953,852



4 TABLE 16 (Continued)
DETAILED COST ESTIMATE
SA-4 - Containment With Institutional Controls

Alternative: SA-4: Containment with Institutional Controls

NOTES

Concrete cap to be tailgated and hand spread, quick screed, and broom finish
No reinforcing in the concrete

Repairs by caulking cracks

Hydroseed with native grasses



N - - M y b -
- - _ - - K . [ d

TABLE 17
DETAILED COST ESTIMATE
SA-5 - Limited excavation and On-Site Treatment With Institutional Controls

Alternative: SA-5: Limited Excavation and On-Site Treatment with Institutional Controls
CAPITAL €OSTS FUTURE COSTS
Direct Capital Costs
Cost per Cost per Annual Years
Item Units Quantity Unit Total Item Units Quantity Unit Cost Incurred
SITE DEVELOPMENT SAMPLING/ MONITORING
Institutional Controls Soil Samples yr 50 $400 $20,000 5
Deed Restrictions $50,000 Water Samples yr 50 $400 $20,000 5
Access Restrictions $200,000 Groundwater monitoring yr 1 $5,000 $5,000 5
Clear & Grub ac 26 $900 $23,400 ANNUAL MOWING/MULCHING
Shrubbery Disposal ac 26 $225 $5,850 Mowing/Mulching ac 24 $500 $12,000 5
Soil Cover cy 18500 $12  $222,000 MATERIALS HANDLING
Hydroseed ac 24 $1,700 $40,800 Dust Control, Water Truck cy/yr 6000 $1 $3,000 5
Irrigation ac 24 $500 $12,000 Excavation
Chemical Fixation ac 24 $500 $12,000 Shallow, Scraper cy/yr 1600 $8 $12,800 5
Deep, Excavator cy/yr 4400 $5 $23,760 5
On-Site Transport
Front End Loader cy/yr 18000 $2 $36,000 5
10 cy Dump cy/yr 12000 $5 $58,800 5
Backfill and Compaction
Import cy/yr 1000 $12 $12,000 5
Treated Soil cy/yr 5000 $5 $25,000 5
Hazardous Soil Disposal ton/yr 600 $325 $195,000 5
Subtotal-Site Work $566,050 Annual Cost Subtotal $423,360
CAPITAL EQUIPMENT SYSTEM OPERATION AND MAINTENANCE
Heap Leach Liner & Equip each 1 $1,500,000 $1,500,000 Heap Leach Plant O&M yr 1 $150,000 $150,000
Leachate Trtmt System each 1 $500,000 $500,000 Leachate Trtmt Plant O&4 yr 1 $200,000 $200,000
BioCell Development each 1 $750,000 $750,000 BioCell Plant O&M yr 1 $135,000 $135,000
----------- Annual O&M Subtotal $485,000
Subtotal-Capital Equipment $2,750,000

DIRECT CAPITAL COST SUBTOTAL $3,316,050 TOTAL ANNUAL FUTURE COSTS $908,360
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TABLE 17 (Continued)
o DETAILED COST ESTIMATE
SA-5 - Limited excavation and On-Site Treatment With Institutional Controls

Alternative: SA-5: Limited Excavation and On-Site Treatment with Institutional Controls

Indirect Capital Costs

Cost per . PLANT DEMOLITION

Item Units Quantity Unit Total = = mmmemmmeeeemece et m e e

------------------------------------------------------------------ 5% of Capital Equipment $137,500
Engineering and Design . 10% $331,605
Construction Management 7% $232,124
Permitting 5% $165,803
Testwork 2% $66,321
Start-up 10% $331,605
INDIRECT CAPITAL COSTS SUBTOTAL $1,127,457
CAPITAL COST SUBTOTAL $4,443,507

CONTINGENCY 15% $666,526 T eereesese-es

----------- NET PRESENT COST OF ALTERNATIVE $9,180,256

TOTAL CAPITAL COSTS $5,110, 033



TABLE 17 (Continued)
. DETAILED COST ESTIMATE
SA-5 - Limited excavation and On-Site Treatment With Institutional Controls

Alternative: SA-5: Limited Excavation and On-Site Treatment with Institutional Controls

Notes:

Soil Washing system capacity is 20 to 100 cy/day (5,000 to 25,000cy/yr)

aty of soil to be treated: 30,000 cy (25,000 cy by bioremediation followed by soil washing of the same soil)
At 6,000 cy/yr, anticipate 5 yrs of operation

BioCell sized to handle 10,000 cy/yr, 2 toads of 5,000cy-6émo. treatment

Hazardous soil disposal: 10% of total treated, 1.5 tons/cy, costs include stabilization, tipping fees, and trucking (Kettleman Hills)
Soil Samples: 1 per 100 yds treated, 50/yr

Water Samples: 25 gallons per cy, 1 samples per 2500 gallons, 50/yr

Soil cover to be any clean fill, spread, no compaction

Hydroseed with native grasses



TABLE 18
DETAILED COST ESTIMATE
SA-8 - In Situ Treatment With Institutional Controls

Alternative: SA-8: In-Situ Treatment with Institutional Controls
CAPITAL COSTS FUTURE COSTS
Direct Capital Costs
Cost per Cost per  Annual Years
Item Units Quantity Unit Total [tem Units Quantity Unit Cost Incurred
SITE WORK SAMPLING/ MONITORING
Institutional Controls Groundwater Samples yr 1 $5,000 $5,000 5
Deed Restriction s 1 $50,000 $50,000 Soil Samples yr 1 $5,000 $5,000 5
Access Restrictionls 1 $200,000 $200,000
BIOREMEDIATION ANNUAL MOWING/MULCHING
Extraction Wells each 10 $5,000 $50,000 Mowing/Mulching ac 24 $500 $12,000 5
Reinjection Wells each 20 $6,250 $125,000- . mmesseme-ees
IN SITU STABILIZATION
Chemical Fixation cy 30000 $60 $1,800,000
CHEMICAL FIXATION OF SURFACE SOILS
Clear and Grub ac 24 . $900 $21,600
Shrubbery Disposal ac 24 $225 $5,400
Surface Soil Fixation ac 24 $1,000 $24,000
Soil Cover cy 21500 $12 $258,000 Annual Cost Subtotal $22,000
Hydroseed ac 24 $1,700 $40,800 SYSTEM OPERATION AND MAINTENANCE
----------- Irrigation System O&M yr 1 $3,000 $3,000 5
Subtotal-Site Work $2,574,800 Leachate Trtmt Plant OGM yr 1 $300,000 $300,000 5
CAPITAL EQUIPMENT Well O&M yr 1 $15,000 $15,000 5
Soil Irrigation System sf 420000 $0.15 $63,000
Leachate Trtmt Plant each 1 $500,000 $500,000
----------- Annual O&M Subtotal $318,000
Subtotal -Capital Equipment $563,000

DIRECT CAPITAL COST SUBTOTAL $3,137,800 TOTAL ANNUAL FUTURE COSTS $340,000



TABLE 18 (Continued)
DETAILED COST ESTIMATE
SA-8 - In Situ Treatment With Institutional Controls

Alternative: SA-8: In-Situ Treatment with Institutional Controls

Indirect Capital Costs

Cost per PLANT DEMOLITION
Item © Units Quantity Unit Total e e e e LR L LR L e Rt e i b A DL R Lkl
------------------------------------------------------------------ 5% of Capital Costs $28,150
Engineering and Design 10% $313,780 :

Construction Management 7% $219,646
Permitting 5% $156,890
Testwork 2% $62,756
Start-up 10% $313,780
INDIRECT CAPITAL COSTS SUBTOTAL $1,066,852
CAPITAL COST SUBTOTAL $4,204,652

CONTINGENCY 15% $30,698 . =mssseec--es

----------- NET PRESENT COST OF ALTERNATIVE $6,335,522 -

TOTAL CAPITAL COSTS $4,835,350



TABLE 18 (Continued)
DETAILED COST ESTIMATE
SA-8 - In Situ Treatment With Institutional Controls

Alternative: SA-8: In-Situ Treatment with Institutional Controls

Injection Well Radius of influence: 100' (total zone of influence = 200')

2 reinjection well per extraction well

Hot spot soil Fixation performed by crawler drill rig with hollow stem augers; surface soil fixation (1 ft) performed with agricultural machinery
1 ton of cement per 10 ton of soil

Soil fixation area will require clear & grub

Soil fixation requires 80 working days

Bioremediation requires 5 years
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Alternative: SA-9:

CAPITAL COSTS

Direct Capital Costs

Units

Quantity

TABLE 19
DETAILED COST ESTIMATE

SA-9 - Full Treatment With Institutional Controls

Full Treatment with Institutional Controls

SITE DEVELOPMENT
Institutional Controls
Deed Restrictions
Access Restrictions

Clear & Grub ac
Shrubbery Disposal ac
Extraction Wells

Reinjection Wells

Soil Cover cy
Hydroseed ac

Subtotal-Site Work

CAPITAL EQUIPMENT

Heap Leach Liner & Equip
Leachate Trtmt System
Soil Irrigation System sf
Biocell Development

Subtotal-Capital Equipment

each
each

each
each

each

24
24

20
40

21500

24

1
1

420000

1

$900
$225

$5,000
$6,000

$12
$1,700

$1,500,000
$500, 000
$0.15
$750,000

DIRECT CAPITAL COST SUBTOTAL

$50,000
$200, 000
$21,600

$5,400

$100, 000
$240,000

$258,000
$40,800

$915,800

$1,500,000
$500,000
$63,000
$750, 000

$2,813,000
$3,728,800

FUTURE COSTS

Item Units Quantity
SAMPLING/ MONITORING

Soil Samples yr 50

Water Samples yr 50

Grdwater Samples yr
ANNUAL MOWING/MULCHING

Mowing/Mulching ac 24
MATERIALS HANDLING

Dust Control, Water Truck cy 25000
Excavation
Shal low, Scraper 19000
Deep, Excavator cy 6000
On-Site Transport
Front End Loader cy 75000
10 cy Dump cy 50000
Backfitl and Compaction
Import cy 2500
Treated Soil cy 22500
Hazardous Soil Disposal ton 2500

Annual Cost Subtotal

SYSTEM OPERATION AND MAINTENANCE

Heap Leach Plant O8M yr 1
Leachate Trtmt Plant OM yr 1
Irrigation System O&M yr 1
Well O&M yr 1
BioCell Plant 0&M yr 1

Annual O&M Subtotal

TOTAL ANNUAL FUTURE COSTS

Cost per
uUnit

$400
$400
$500

$1

$5

$2
$5

$12
$325

$150,000
$200,000
$6,500
$3,000
$135,000

Annual
Cost

$20, 000
$20,000

$12,000
$12,500

$152,000
$32,400

$150, 000
$245, 000

$30, 000
$112,500
$812,500

$1,598,900

$150,000
$200, 000
$6,500
$3,000
$135,000

$494,500
$2,093,400

-y o uy .

Years
Incurred

(S, RV, RS Y

v v\



TABLE 19 (Continued)
DETAILED COST ESTIMATE
SA-9 - Full Treatment With Institutional Controls

Alternative: SA-9: Full Treatment with Institutional Controls

Indirect Capital Costs

Cost per ’ PLANT DEMOLITION

Item Units Quantity Unit Total = =m---e-eecccecceceescccccococoocstomcccncsesccsoooooo oo ooan e

------------------------------------------------------------------ 5% of Capital Equipment $140,650
Engineering and Design ' 10% $372,880
Construction Management 7% $261,016
Permitting . 5% $186,440
Testwork 2% $74,576
Start-up 10% $372,880
INDIRECT CAPITAL COSTS SUBTOTAL $1,267,792
CAPITAL COST SUBTOTAL $4,996,592

CONT INGENCY 15% $749,489 . =e-==cescecces

. eesesecn--- NET PRESENT COST OF ALTERNATIVE $14,950,057

TOTAL CAPITAL COSTS $5,746,081



TABLE 19 (Continued)
DETAILED COST ESTIMATE
SA-9 - Full Treatment With Institutional Controls

Alternative: SA-9: Full Treatment with Institutional Controls
Notes:
Soil Washing system capacity is 20 to 100 cy/day (5,000 to 25,000cy/yr); select 100 cy/day option
Qty of soil to be treated: 120,000 cy
At 25,000 cy/yr, anticipate 5 yrs of operation
BioCell sized to handle 10,000 cy/yr, 2 loads of 5,000cy-6mo. treatment
Hazardous soil disposal: 10% of total treated, 1.5 tons/cy, costs include stabilization, tipping fees, and trucking (Kettleman Hills)
Soil Samples: 1 per 100 yds treated, 50/yr
Water Samples: 25 gallons per cy, 1 samples per 2500 gallons, 50/yr
Extraction well radius of influence: 75'
2 Reinjection wells per 1 extraction well
1.5 tons/cy
Imported soil: 21,500 cy initially
10% reduction in volume



Alternative: LIMITED ACTION (G1-A2)
CAPITAL COSTS
Direct Capital Costs

Cost per
Item Units Quantity Unit

SITE WORK

Zoning and Deed Restrictions

Subtotal-Site Work
CAPITAL EQUIPMENT

Subtotal-Capital Equipment
DIRECT CAPITAL COST SUBTOTAL

Indirect Capital Costs

Cost per
Item Units Quantity Unit
Engineering and Design 10X
Construction Management 7%
Permitting 5%
Testwork 2%
Start-up 10X

INDIRECT CAPITAL COSTS SUBTOTAL

CAPITAL COST SUBTOTAL
CONTINGENCY ' 15%
TOTAL CAPITAL COSTS

TABLE 20
DETAILED COST ESTIMATE
G1-A2 - Limited Action

$50,000

$50,000

$57,500

FUTURE COSTS

Range of Years
Item Units Quantity Annual  Costs Incurred
SAMPLING/ MCNITORING
Groundwater Monitoring yr 1 $51,000 - $68,000 10-30
Annual Cost Subtotal $51,000 - $68,000
SYSTEM OPERATION AND MAINTENANCE
$0 $0
Annual O&M Subtotal $0 $0
TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $51,000 - $68,000
PLANT DEMOLITION
5% of Capital Costs $0
NET PRESENT COST OF ALTERNATIVE $451,308 - $1,102,827



Alternative: PRETREATMENT AND DISCHARGE (G1-A4)
CAPITAL COSTS

Direct Capital Costs

Cost per
Item Units Quantity Unit
SITE WORK
Extraction Well ea 3 $15,600
Subtotal -Site Work
CAPITAL EQUIPMENT
Pretreatment System ea 1 $180,000

Subtotal-Capital Equipment
DIRECT CAPITAL COST SUBTOTAL

Indirect Capital Costs

Cost per
Item Units Quantity Unit
Engineering and Design 10%
Construction Management 7%
Permitting 5%
Testwork 2%
Start-up 10%

INDIRECT CAPITAL COSTS SUBTOTAL

CAPITAL COST SUBTOTAL
CONTINGENCY 15%
TOTAL CAPITAL COSTS

TABLE 21

DETAILED COST ESTIMATE
G1-A4 - Pretreatment and Discharge

Total

$46,800

$46,800

$180,000

$180,000
$226,800

Total

$349,499

FUTURE COSTS

Range of Years
Item Units Quantity Annual Costs Incurred
SAMPLING/ MONITORING
Groundwater Monitoring yr 1 $51,000 - $68,000 10-30
Effluent Monitoring yr 1 $10,200 $10,200 10-30
Annual Cost Subtotal $61,200 - $78,200
SYSTEM OPERATION AND MAINTENANCE
Pretreatment System $50,000 - $50,000 10-30
Annual O8M Subtotal $50,000 - $50,000

TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $111,200 -  $128,200

PLANT DEMOLITION

5% of Capital Costs $9,000

NET PRESENT COST OF ALTERNATIVE $1,199,156 - $2,311,247
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TABLE 22
DETAILED COST ESTIMATE
G1-A5 - Treatment With GAC and Reclaim, Q=10 gpm

Alternative: TREATMENT W/GAC AND RECLAIM (G1-A5), flow rate = 10 gpm

CAPITAL COSTS FUTURE COSTS
Direct Capital Costs
. Cost per Range of Years
Item Units Quantity Unit Total I1tem Units Quantity Annual Costs Incurred
SITE WORK SAMPLING/ MONITORING
Groundwater Monitoring yr 1 $51,000 - $68,000 10-30
Extraction Well ea 3 $15,600 $46,800 Effluent Monitoring yr 1 $10,200 $10,200 10-30
Annual Cost Subtotal $61,200 - $78,200
SYSTEM OPERATION AND MAINTENANCE
Subtotal-Site Work $46,800 Pretreatment System yr 1 $50,000 - $50,000 10-30
CAPITAL EQUIPMENT Treatment System yr 1 $8,000 - $28,000 10-30
Pretreatment System ea 1 $180,000 $180,000
Treatment System (GAC) ea 1 $58,000 $58,000
flow rate = 10 gpm
----------- Annual O&M Subtotal $58,000 - $78,000
Subtotal-Capital Equipment $238,000
DIRECT CAPITAL COST SUBTOTAL $284,800 TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $119,200 - $156,200
Indirect Capital Costs
Cost per PLANT DEMOLITION
Item Units Quantity Unit Total = ---e-esssssmmsscss-secessccsecscssoesmssmsssenoomsemomoonRonse ettt
------------------------------------------------------------------ 5X of Capital Costs $11,900
Engineering and Design 10X $28,480
Construction Management - ™% $19,936
Permitting 5% $14,240
Testwork 2% $5,696
Start-up 10X $28,480
INDIRECT CAPITAL COSTS SUBTOTAL $96,832
CAPITAL COST SUBTOTAL $381,632
CONTINGENCY 15% $57,245  mmmmesmmcccesssssesceses
----------- NET PRESENT COST OF ALTERNATIVE $1,347,408 - $2,828,154

TOTAL CAPITAL COSTS $438,877



TABLE 23
DETAILED COST ESTIMATE
G1-A5 - Treatment With UV-OX and Reclaim, Q=10 gpm

Alternative: TREATMENT W/UV OX AND RECLAIM (G1-A5), flow rate = 10 gpm

CAPITAL COSTS , OPERATION AND MAINTENANCE COSTS
Direct Capital Costs
Cost per Range of Years
Item Units Quantity Unit Total Item Units Quantity Annual  Costs Incurred
SITE WORK SAMPLING/ MONITORING
Groundwater Monitoring yr 1 $51,000 - $68,000 10-30
Extraction Well ea 3 $15,600 $46,800 Effluent Monitoring yr 1 $10,200 $10,200 10-30
Annual Cost Subtotal $61,200 - $78,200
SYSTEM OPERATION AND MAINTENANCE
- Subtotal-Site Work $46,800 Pretreatment System yr 1 $50,000 - $50,000 10-30
CAPITAL EQUIPMENT Treatment System yr 1 $2,600 - $21,000 10-30
Pretreatment System ea 1 $180,000 $180,000
Treatment System (UV/OX) ea 1 $22,500 $22,500
flow rate = 10 gpm
----------- Annual O&M Subtotal $52,600 - $71,000
Subtotal -Capital Equipment $202,500
DIRECT CAPITAL COST SUBTOTAL $249,300 TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $113,800 - $149,200
Indirect Capital Costs
Cost per PLANT DEMOLITION
Item Units Quantity Unit Total =~ ~--s--ecsse-cso-essmmscscececsesssenoomooanmoomsonennonnonon s
R AL L E R L LRt 5X of Capital Costs $10,125
Engineering and Design 10X $24,930
Construction Management I3 $17,451
Permitting 5% $12,465
Testwork 2X $4,986
Start-up 10% $24,930
INDIRECT CAPITAL COSTS SUBTOTAL $84,762
CAPITAL COST SUBTOTAL $334,062
CONTINGENCY 15% $50,109 © mmmmesessecccosisonesees
----------- NET PRESENT COST OF ALTERNATIVE $1,252,780 - $2,667,616

TOTAL CAPITAL COSTS $384,171



TABLE 24
DETAILED COST ESTIMATE
G1-A5 - Treatment With Air Strip and Reclaim, Q=10 gpm

Alternative: TREATMENT W/AIR STRIP AND RECLAIM (G1-A5), flow rate = 10 gpm

CAPITAL COSTS OPERATION AND MAINTENANCE COSTS
Direct Capital Costs
Cost per Range of Years
Item Units Quantity Unit Total Item Units Quantity Annual Costs Incurred
SITE WORK SAMPLING/ MONITORING
L Groundwater Monitoring yr 1 $51,000 - $68,000 10-30
Extraction Well ea 3 $15,600 $46,800 Effluent Monitoring yr 1 $10,200 $10,200 10-30
Annual Cost Subtotal $61,200 - $78,200
SYSTEM OPERATION AND MAINTENANCE
Subtotal-Site Work $46,800 Pretreatment System yr 1 $50,000 - $50,000 10-30
CAPITAL EQUIPMENT Treatment System yr 1 $5,000 - $5,000 10-30
Pretreatment System ea 1 $180,000 $180,000

—

Treatment System (AIR) ea
flow rate = 10 gpm

$20,000 $20,000

EREEECEEEED Annual O&M Subtotal $55,000 - $55,000
Subtotal-Capital Equipment $200,000
DIRECT CAPITAL COST SUBTOTAL $246,800 TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $116,200 - $133,200
Indirect Capital Costs
Cost per PLANT DEMOLITION
Item Units Quantity Unit Total = em=ecemceccoe-coc-iceceiscccccmumeaneoannmoonmean o oo oo oo
------------------------------------------------------------------ 5% of Capital Costs $10,000
Engineering and Design 10% $24,680
Construction Management 7% $17,276
Permitting 5% $12,340
Testwork 2X $4,936
Start-up 10X $24,680
INDIRECT CAPITAL COSTS SUBTOTAL $83,912
CAPITAL COST SUBTOTAL $330,712
CONTINGENCY 15% $9,600 emsessmeeeecooscenooo--s
----------- NET PRESENT COST OF ALTERNATIVE - $1,267,584 - $2,417,929

TOTAL CAPITAL COSTS $380,319



TABLE 25
DETAILED COST ESTIMATE
G1-A5 - Treatment With GAC and Reclaim, Q=100 gpm

Alternative: TREATMENT W/GAC AND RECLAIM (G1-A5), flow rate = 100 gpm

CAPITAL COSTS OPERATION AND MAINTENANCE COSTS
Direct Capital Costs
Cost per Range of Years
Item Units Quantity Unit Total Item Units Quantity Annuat  Costs Incurred
SITE WORK SAMPLING/ MONITORING
Groundwater Monitoring yr 1 $51,000 - $68,000 10-30
Extraction Well ea 3 $18,100 $54,300 Effluent Monitoring yr 1 $10,200 $10,200 10-30
Annual Cost Subtotal $61,200 - $78,200
SYSTEM OPERATION AND MAINTENANCE
Subtotal-Site Work $54,300 Pretreatment System yr 1 $50,000 - $50,000 10-30
CAPITAL EQUIPMENT Treatment System yr 1 $79,000 - $276,000 10-30
Pretreatment System ea 1 $180,000 $180,000
Treatment System (GAC) ea 1 $115,000 $115,000
flow rate = 100 gpm
----------- Annual O&M Subtotal $129,000 - $326,000
Subtotal -Capital Equipment $295,000
DIRECT CAPITAL COST SUBTOTAL $349,300 TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $190,200 -  $404,200
Indirect Capital Costs
Cost per PLANT DEMOLITION
Item Units Quantity Unit Total = =e----sssssssc-cess--c-cscccseccncncosoccoooocoomnnmmses e s
------------------------------------------------------------------ 5X of Capital Costs $14,750
Engineering and Design 10X $34,930 :
Construction Management 7% $24,451
Permitting 5X $17,465
Testwork 2% $6,986
Start-up 10% $34,930
INDIRECT CAPITAL COSTS SUBTOTAL $118,762
CAPITAL COST SUBTOTAL $468,062
CONT INGENCY 15% $70,209 sesessecsscecececccose-es
----------- NET PRESENT COST OF ALTERNATIVE $1,992,195 - $6,737,066

TOTAL CAPITAL COSTS $538,271



Alternative: TREATMENT W/UV OX AND RECLAIM
CAPITAL COSTS

Direct Capital Costs

TABLE 26

DETAILED COST ESTIMATE
G1-A5 - Treatment With UV-OX and Reclaim, Q=100 gpm

(G1-AS), flow rate =

Cost per
Item Units Quantity Unit Total
SITE WORK
Extraction Well ea 3 $18,100 $54,300
Subtotal-Site Work $54,300
CAPITAL EQUIPMENT ’
Pretreatment System ea 1 $180,000 180,000
Treatment System (UV/0X) ea 1 $225,000 $225,000
flow rate = 100 gpm
Subtotal-Capital Equipment $405,000
DIRECT CAPITAL COST SUBTOTAL $459,300
Indirect Capital Costs
Cost per
[tem Units Quantity Unit Total
Engineering and Design 10X $45,930
Construction Management Ie $32,151
Permitting 5X $22,965
Testwork X $9,186
Start-up 10X $45,930
INDIRECT CAPITAL COSTS SUBTOTAL $156,162
CAPITAL COST SUBTOTAL $615,462
CONT INGENCY 15% $92,319

TOTAL CAPITAL COSTS

$707,781

100 gpm

OPERATION AND MAINTENANCE COSTS

Range of Years
Item Units Quantity Annual  Costs Incurred
SAMPLING/ MONITORING
Groundwater Monitoring yr 1 $51,000 - $68,000 10-30
Effluent Monitoring yr 1 $10,200 $10,200 10-30
Annual Cost Subtotal $61,200 - $78,200
SYSTEM OPERATION AND MAINTENANCE
Pretreatment System yr 1 $50,000 - $50,000 10-30
Treatment System yr 1 $26,000 - $210,000 10-30
Annual O&M Subtotal $76,000 - $260,000
TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $137,200 - $338,200
PLANT DEMOLITION
5% of Capital Costs $20,250

NET PRESENT COST OF ALTERNATIVE $1,746,953 - $5,886,494



TABLE 27
DETAILED COST ESTIMATE
G1-AS - Treatment With Air Strip and Rectaim, Q=100 gpm

Alternative: TREATMENT W/AIR STRIP AND RECLAIM (G1-AS), flow rate = 100gpm

CAPITAL COSTS OPERATION AND MAINTENANCE COSTS
Direct Capital Costs
Cost per Range of Years
Item Units Quantity Unit Total Item Units Quantity Annual Costs Incurred
SITE WORK SAMPLING/ MONITORING
’ Groundwater Monitoring  yr 1 $51,000 -  $68,000 10-30
Extraction Well ea 3 $18,100 $54,300 Effluent Monitoring yr 1 $10,200 - $10,200 10-30
Annual Cost Subtotal $61,200 - $78,200
SYSTEM OPERATION AND MAINTENANCE
Subtotal-Site Work $54,300 Pretreatment System yr 1 $50,000 - $50,000 10-30
CAPITAL EQUIPMENT Treatment System yr 1 $5,000 - $5,000 10-30
Pretreatment System ea 1 $180,000 $180,000
Treatment System (AIR) ea 1 $20,000 $20,000
flow rate = 100 gpm
----------- Annual O&M Subtotal $55,000 - $55,000
Subtotal-Capital Equipment $200,000
DIRECT CAPITAL COST SUBTOTAL $254,300 TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $116,200 - $133,200
Indirect Capital Costs
Cost per PLANT DEMOLITION
Item "~ Units Quantity Unit Total =~ --e---enm-esssccesseciesecccscsomoconmoosoosononocooooon ot
------------------------------------------------------------------ 5% of Capital Costs $10,000
Engineering and Design 10% $25,430
Construction Management ™ $17,801
Permitting 5% $12,715
Testwork X $5,086
Start-up 10% $25,430
INDIRECT CAPITAL COSTS SUBTOTAL $86,462
CAPITAL COST SUBTOTAL $340,762
CONTINGENCY 15% $51,1%4 eeeeeceecsemeceeenaens
----------- NET PRESENT COST OF ALTERNATIVE $1,279,142 - $2,429,487

TOTAL CAPITAL COSTS $391,876



Alternative: LIMITED ACTION (G2-A2)

CAPITAL COSTS

Direct Capital Costs
Cost per

Units Quantity Unit

SITE WORK

Zoning and Deed Restrictions

Subtotal-Site Work
CAPITAL EQUIPMENT

Subtotal-Capital Equipment
DIRECT CAPITAL COST SUBTOTAL

Indirect Capital Costs

Cost per
Item Units Quantity Unit-
Engineering and Design 10X
Construction Management =
Permitting 5%
Testwork 2%
Start-up 10X
INDIRECT CAPITAL COSTS SUBTOTAL
CAPITAL COST SUBTOTAL
CONT INGENCY 15%

TOTAL CAPITAL COSTS

TABLE 28
DETAILED COST ESTIMATE
G2-A2 - Limited Action

Totatl
$50,000
$50,000

$0
$0
$50,000

Total

$0

$0

$0

$0

$0

$0
$50,000
$7,500

$57,500

FUTURE COSTS

Item Units Quantity
SAMPLING/ MONITORING
Groundwater Monitoring yr 1

Annual Cost Subtotal
SYSTEM OPERATION AND MAINTENANCE

Annual O&M Subtotal

TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS

PLANT DEMOLITION

5% of Capital Costs

NET PRESENT COST OF ALTERNATIVE

Range of Years
Annual  Costs Incurred
$6,800 - $13,600 10-30

$0 $0

$0 $0
$6,800 - $13,600
$0

$110,008 - $266,565



TABLE 29
DETAILED COST ESTIMATE
G2-A3 - Hydraulic Containment

Alternative: HYDRAULIC CONTAINMENT (G2-A3)

C/APITAL COSTS OPERATION AND MAINTENANCE COSTS
Direct Capital Costs
/ Cost per Range of Years
Item / Units Quantity Unit Total [tem Units Quantity Annual  Costs Incurred
SITE WORK SAMPLING/ MONITORING
: Groundwater Monitoring yr 1 $51,000 - $68,000 10-30
Extraction Well ea 1 $15,600 $15,600 Injection Monitoring yr 2 $20,400 $20,400 10-30
Injection Well ea 2 $18,000 $36,000
Zoning and Decd Restrictions $50,000 o T e . $88,400
Annual Cost Subtotal $71,400 - $88,400
SYSTEM OPERATION AND MAINTENANCE
Subtotal-Site Work $101,600
CAPITAL EQUIPMENT
L et e T e
[ o emememesees Annual O8M Subtotal $0 - $0
) subtotal-Capital Equipment $0
‘ DIRECT CAPITAL COST SUBTOTAL $101,600 TOTAL ANNUAL OPERATION AND MAINTENANCE COSTS $71,400 - $88,400
Indirect Capital Costs
Cost per PLANT DEMOLITION
Item Units GQuantity Unit Total  eeemeee-emsemesssesssssssssssssssssssssosossToTosooTossIIIIIIITITIOS
------------------------------------------------------------------ 5% of Capital Costs $0
Engineering and Design 10X $5,160
Construction Management 7% $3,612
Permitting 5% $2,580
Testwork 2% $1,032
Start-up 10% $5,160
INDIRECT CAPITAL COSTS SUBTOTAL $17,544
CAPITAL COST SUBTOTAL $119,144
CONT INGENCY 15% ST T e 940
----------- NET PRESENT COST OF ALTERNATIVE $688,347 - $1,495,940

TOTAL CAPITAL COSTS $137,016



COST AND RISK REDUCTION FOR SOIL REMEDIAL ALTERNATIVES

TABLE 30

COMPARATIVE ANALYSIS

UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNIA®

levels of lead and arsenic remaining in the soil do not represent potential exposures

to current or future residents.

UPSACTAB.009
DAMES & MOORE

RISK
l ALTERNATIVES ' DESCRIPTION REDUCTION
SA-1 No Action 5x 10* {3 x 104| 8 x 10* -- $0
SA-4 Containment 0 0 0 100%
with $3.1
Institutional million
Controls
SA-5 Limited 0 0 0 100s%
Excavation
with On-site $9.2
Treatment and million
Institutional
Controls
SA-8 In Situ 0 0 0 100%
Treatment with $6.3
Institutional million
Controls
SA-9 Full Treatment 0 0 0 100% $15.0
million
All remedial alternatives block inhalation and soil ingestion pathways. Residual




TABLE 31
RANKING OF ALTERNATIVES

UNION PACIFIC RAILROAD
SACRAMENTO, CALIFORNTA

l SOIL ALTERNATIVES |
| Rk ALTERNATIVE

1 SA-8 In Situ Treatment

2 SA-5 Excavation and On-Site Treatment

3 SA-9 Full Treatment

4 SA-4 Containment

5 SA-7 Excavation and Off-Site Treatment
and Disposal

6 SA-6 Excavation and Off-Site Disposal

7 SA-3 Limited Action

8 SA-2 Institutional Controls

9 SA-1 No Action

| GROUNDWATER ALTERNATIVES I
OPERABLE UNIT Gl

1 Gl-A5 Extract/Treat and Reclaim
2 Gl-A4 Extract and Discharge

3 G1-A6 In Situ Bioremediation

4 Gl-A2 Limited Action

| OPERABLE UNIT G2 |
| ek | ALTERNATIVES

Limited Action

" 2 G2-A3 Hydraulic Containment "

UPSACTAB.009
DAMES & MOORE





